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Abstract
Computational studies were conducted using the major levels of semiempirical, ab initio, density functional theory
(DFT), and the CBS-Q//B3 method and various solvation models on a homologous series of straight chain perfluo-
roalkyl carboxylic acids (PFCAs) ranging in chain length from C1 (trifluoroacetic acid) to C9 (n-perfluorodecanoic
acid) as well as the monomethyl branched C7 (n-perfluorooctanoic acid; n-PFOA) isomers. Regardless of perfluo-
roalkyl chain length and theoretical method employed, application of a computational thermodynamic cycle indicated
no significant change in the estimated aqueous monomeric pKa values between C1 and C9, all having a relatively
constant pKa of about 0 that is in agreement with earlier predictions and recent experimental evidence. Perfluoroalkyl
chain helicity does not appear to result in increased monomeric PFCA pKa values at chain lengths greater than 5.
Increasing chain length does not substantially influence the structural or electronic character of the carboxylic acid
head group. A MMFF94 conformational search yielded 2915 separate low- through high-energy conformers of n-
PFOA. Ranking of these structures gave the 94 lowest MMFF94 energy conformations that were subjected to DFT
investigations. Application of a thermodynamic cycle approach, coupled with aqueous and gas phase DFT calcula-
tions on the molecular and anionic forms for each of the conformers, gave conformationally averaged pKa values for
n-PFOA equal to the global minimum helical conformer pKa. The conformational populations under study occupy
∼100 percent of the global n-PFOA conformational space, indicating no higher energy/low acidity conformations
remain unexamined that could influence the predicted composite aqueous monomeric pKa of zero for this compound.
Keywords: Perfluoroalkyl carboxylic acids, Acidity constants, Density functional theory, Ab initio
post-Hartree-Fock
1. Introduction
Perfluoroalkyl carboxylic acids (PFCAs; Figure 1) are widespread environmental contaminants that are persistent
to natural degradation processes, can undergo long-range transport by both aquatic and atmospheric pathways, and
are of toxicological concern [1–3]. The pKa values of these compounds are of interest given the primary role this
property plays in various environmental transport and partitioning processes and biological activities. Waste treatment
methods for PFCAs are also likely to display different mechanisms, product profiles, and kinetics from the molecular
versus dissociated forms [2]. Although the aqueous monomeric pKa of the C1 PFCA (trifluoroacetic acid [TFA]) is
well established at about 0.3 to 0.5 [4–6], there has been substantial debate in the literature regarding the aqueous
monomeric acidity constants for longer chain PFCAs such as n-perfluorooctanoic acid (n-PFOA) [1, 7–17].
At present, there are three competing estimates for the aqueous monomeric pKa of n-PFOA in the literature. Goss
has argued that based on analogy considerations using other highly fluorinated carboxylic acids, as well as computa-
tional data obtained from the COSMOtherm and SPARC software programs, the monomeric pKa of n-PFOA should
be about 0 [11, 12]. Recent experimental evidence by Cheng et al. [10] using electrospray ionization mass spectrom-
etry has provided an upper limit boundary for a monomeric n-PFOA pKa at ≤1, consistent with the prediction of Goss
[11, 12]. As part of their studies into the air-water partitioning constant of n-PFOA, Kutsuna and Hori proposed a
pKa of 1.3 from the best fit of their experimental data [14]. In contrast, Burns et al. [8] used a potentiometric titration
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Figure 1: Structures of the perfluoroalkyl carboxylic acids under consideration.
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method and recently reported a monomeric n-PFOA pKa of 3.8±0.1. This result has caused controversy [9, 13] not
only due to its intrinsically high value (i.e., in the range of non-fluorinated carboxylic acid pKa values, and 3.5 units
above that of TFA), but also because Burns et al. [8] indicated that the pKa of monomeric n-PFOA was higher than
that of its aggregated forms, in contrast to general expectations for various oxyacids [18–20].
Together, this information suggested that previous reports on the pKa values of other aggregated PFCAs may
accurately represent, or even underestimate, the pKa values of the corresponding monomeric forms. Consequently, the
results of Burns et al. [8] caused a re-evaluation of the current and historical composite experimental dataset on PFCA
pKa values [8, 17], suggesting that the computational estimates provided in the literature may be underestimating pKa
values of longer chain PFCAs, and that - starting at about C4 - the monomeric pKa values of PFCAs may increase
with increasing chain length to an upper limit near 3.8 for C7 and longer homologs.
The rationale put forward by Burns et al. [8] to explain this apparent increase in PFCA monomeric pKa by more
than 3 units between the short- and long-chain isomers was based on the relative conformations of the perfluoroalkyl
chain, and the effects such conformations would have on the acidity of the carboxylate head group. These authors
claimed that “[i]t is clear, however, that the rigid perfluoroalkyl helical twist conformation exhibited by long-chain
PFCAs mitigates their acidity, causing an increase in pKa for the monomeric species, and that a fundamental con-
formational change, brought about by electronic factors, requires the pKa to be different for the short chain PFCAs
and their longer chain homologues.” [8] It was also stated in this work that ab initio (Hartree-Fock) and density func-
tional theory (DFT) computational evidence existed to support a significant change in the electronic character of the
carboxylate group, but to date, no further details have been provided. In order to help resolve the current controversy
in this field, and to shed light on the likely true pKa values of monomeric long-chain PFCAs, we have undertaken
comprehensive theoretical studies at all major levels of computational theory on a homologous series of straight chain
PFCAs and the monomethyl branched n-PFOA isomers in order to better understand what role, if any, that perfluo-
roalkyl chain conformations may play in the acidity constants of these important environmental contaminants.
2. Materials and Methods
Theoretical monomeric aqueous pKa values were calculated using the following approach. In aqueous solution,
monomeric carboxylic acids dissociate according to the following general reaction:
RCOOHaq → RCOO−aq + H+aq ... (1)
The pKa value of RCOOHaq is defined as the -log K of equation (1) (i.e., the Ka), and can be related to the total
Gibbs free energy (∆G◦D,aq) of reaction (1) via equation (2):
pKa= ∆G◦D,aq / 2.303RT ... (2)
∆G◦D,aq can be obtained via a thermodynamic cycle comprised of equations (3) through (5),
∆G◦D,aq = ∆G◦D,g + δ∆G◦solv ... (3)
∆G◦D,g = G◦g,RCOO− + G◦g,H+ - G◦g,RCOOH ... (4)
δ∆G◦
solv = ∆G◦solv,RCOO− + ∆G◦solv,H+ - ∆G◦solv,RCOOH ... (5)
where ∆G◦D,g is the gas phase Gibbs free energy change of reaction (1) and δ∆G◦solv is the sum of the solvation
energies for each species, where G◦g,H+ is -6.32 kcal/mol and ∆G◦solv,H+ is -265.9 kcal/mol, and a value of 1.89 kcal/mol
has been added to calculated gas phase energies to convert from standard state of 1 atm to 1 mol/L [4, 21–24].
Calculations were conducted using Gaussian 09 [25]. All calculations used the same gas phase starting geome-
tries obtained with the PM6 semiempirical method [26] as employed in MOPAC 2009 (http://www.openmopac.net/;
v. 9.099). Semiempirical calculations used the AM1 [27, 28], PM3 [29, 30], PM6 [26], and PDDG [31–34] meth-
ods as reimplemented [35, 36] in Gaussian 09. Hartree-Fock (HF) ab initio calculations were conducted using the
6-31G(d,p), 6-31++G(d,p), and 6-311++G(d,p) Pople-type basis sets [37–40]. Density functional theory (DFT) cal-
culations were conducted using the B3LYP [41–43] and M062X [44] hybrid functionals and the dispersion corrected
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B97D [45] pure functional. B3LYP calculations employed the 6-31G(d,p), 6-31++G(d,p), 6-311++G(d,p), and 6-
311++G(3df,2p) Pople-type basis sets [37–40] and the aug-cc-pVDZ Dunning-type basis set [46, 47]. M062X and
B97D calculations used the 6-311++G(d,p) basis set [37–40]. High accuracy energy calculations used the Complete
Basis Set (CBS) methods CBS-4M [48, 49], CBS-Q//B3 [48, 50], and CBS-APNO [49], as well as the Gaussian
methods Gaussian-4 (G4) and G4MP2 [51, 52]. Aqueous phase calculations in Gaussian 09 employed the polarizable
continuum solvation model with the integral equation formalism variant using UFF radii (IEFPCM-UFF) [53], the
polarizable conductor calculation solvation model using UFF, UAHF, and UAKS radii (CPCM-UFF, CPCM-UAHF,
and CPCM-UAKS, respectively) [54, 55], and the SMD solvation model [56] for both geometry optimizations and
frequency calculations. All gas and aqueous phase optimized structures were confirmed as true minima by vibrational
analysis at the same level.
3. Results and Discussion
Prior to estimating the pKa values of various PFCAs, we validated our theoretical methods using several sets of rel-
evant model compounds with varying levels of theory for each step along the applied thermodynamic cycle. As part of
his analogy approach towards estimating the pKa values of longer chain PFCAs, Goss [11, 12] employed the following
seven polyfluorinated and perhydrogenated alkylcarboxylic acids with well established monomeric aqueous acidity
constants: trifluoroacetic acid (CF3C(O)OH; pKa=0.3); difluoroacetic acid (CHF2C(O)OH; pKa=1.2); monofluo-
roacetic acid (CH2FC(O)OH; pKa=2.7); 3,3,3-trifluoropropanoic acid (CF3CH2C(O)OH; pKa=3.0); propanoic acid
(CH3CH2C(O)OH; pKa=4.9); 4,4,4-trifluorobutanoicacid (CF3(CH2)2C(O)OH; pKa=4.2); and butanoic acid (CH3(CH2)2C(O)OH;
pKa=4.8). Experimental standard state gas phase (1 atm; 298.15 K) acid dissociation free energies (∆G◦D,g) are
available for these seven validation compounds. Calculations at the HF/6-311++G(d,p), B3LYP/6-311++G(d,p),
B3LYP/6-311++G(3df,2p), B3LYP/aug-cc-pVDZ, M062X/6-311++G(d,p), B97D/6-311++G(d,p), CBS-4M, CBS-
Q//B3, CBS-APNO, G4MP2, and G4 levels of theory were able to reproduce the ∆G◦D,g trends for these compounds
with mean signed (MSE), unsigned (MUE), and root mean squared (RMSE) errors in the range of reported experi-
mental accuracy (∼2 to 3 kcal/mol) for all DFT, CBS, and G4 level methods (Supplementary Materials Table S1).
Using the CBS-Q//B3, G4, and G4MP2 methods, MSEs, MUEs, and RMSEs were ≤1 kcal/mol. The HF/6-
311++G(d,p) calculations systematically overestimated ∆G◦D,g by between 2 to 5 kcal/mol, whereas all DFT methods
systematically underestimated ∆G◦D,g by 0.3 to 6 kcal/mol, and the CBS and G4 methods generally underestimated
∆G◦D,g for the α-fluorinated compounds by up to 1 to 2 kcal/mol with corresponding unbiased errors of ∼1 kcal/mol
for the β- and γ-CF3 substituted and perhydrogenated alkycarboxylic acids. With the exception of modest linear cor-
relations (r2 from 0.61 to 0.76; p=0.01 to 0.04) between the error in calculated ∆G◦D,g and the experimental ∆G◦D,g
using the HF/6-311++G(d,p), B3LYP/6-311++G(d,p), and B97D/6-311++G(d,p) methods, no other methods exhib-
ited predictable errors in the calculated ∆G◦D,g as a function of experimental ∆G◦D,g (Table S2). The semiempirical
AM1, PM3, PM6, and PDDG methods are not suitable for estimating ∆G◦D,g of carboxylic acids. These less compu-
tationally expensive approaches yield systematically negative ∆G◦D,g errors of ∼370 to 380 kcal/mol, and incorrectly
predict that the gas phase heterolytic dissociation of these acids should be highly favorable by 30 to 70 kcal/mol (Table
S3).
Solvation free energies (∆G∗
solv; where the “
∗
” denotes 1 mol/L concentration unit equivalent transfer between the
bulk gas and water phases at 298.15 K, in contrast to the ∆G◦
solv standard state denotation referring to transfer of 1
atm in the gas phase to 1 mol/L in the water phase at 298.15 K) for the undissociated (molecular) acid forms of the
seven validation set carboxylic acids were calculated using the AM1, PM3, PM6, and PDDG semiempirical methods,
the HF/6-311++G(d,p) ab initio approach, the B3LYP/6-311++G(d,p), B3LYP/6-311++G(3df,2p), B3LYP/aug-cc-
pVDZ, M062X/6-311++G(d,p), and B97D/6-311++G(d,p) DFT levels of theory, and the CBS-4M, CBS-Q//B3, CBS-
APNO, G4MP2, and G4 methods with the IEFPCM-UFF, CPCM-UFF, CPCM-UAHF, CPCM-UAKS, and the SMD
solvation models. For the IEFPCM-UFF, CPCM-UFF, and SMD solvation models, all levels of theory yield effective
∆G∗
solv experimental accuracy (within 2 to 3 kcal/mol) for these compounds, with no evident systematic biases due
to the presence/absence of fluorination (Table S4). The CPCM-UAHF and CPCM-UAKS solvation models yield
systematic ∆G∗
solv underestimates of ∼10 to 14 kcal/mol for all levels of theory except the AM1, PM3, and PDDG
semiempirical methods, for which the two solvation models systematically underestimate ∆G∗
solv by ∼1 to 6 kcal/mol.
Ready convergence of solvated geometries could not be obtained using the semiempirical PM6 method with the
CPCM-UAHF and CPCM-UAKS solvation models.
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Analogous calculations using the various levels of theory and solvation models for ∆G∗
solv were conducted on the
dissociated (anionic) forms of these carboxylic acids. In contrast to the relative uniformity of errors in ∆G∗
solv for
the acid forms of these compounds, the ∆G∗
solv errors for the dissociated forms displayed a greater dependence on
the level of theory, solvation model, and compound identity (Table S5). The IEFPCM-UFF, CPCM-UFF, and SMD
solvation models yielded effective experimental accuracy for the CF3COO− anion using all HF, DFT, CBS, and G4
levels of theory, whereas the CPCM-UAHF and CPCM-UAKS solvation models systematically underestimated∆G∗
solv
for the trifluoroacetate anion at all levels of theory by ∼5 to 15 kcal/mol. The SMD solvation model systematically
underestimated ∆G∗
solv for CF3COO
− by ∼3 to 7 kcal/mol using the four semiempical methods. A broad range of
error magnitudes and directions was observed in the ∆G∗
solv estimates for the propanoate anion (CH3CH2C(O)O−).
With the exception of the semiempirical PM6 method (errors of 0.4 and 1.6 kcal/mol, respectively), neither the
IEFPCM-UFF or CPCM-UFF solvation models adequately estimated ∆G∗
solv for CH3CH2C(O)O−, displaying sys-
tematic overestimates of ∼3 to 12 kcal/mol. The CPCM-UAHF and CPCM-UAKS solvation models underestimated
∆G∗
solv for CH3CH2C(O)O− by ∼16 to 20 kcal/mol using the semiempirical methods and by ∼6 kcal/mol at the HF/6-
311++G(d,p) level of theory, but provided effective experimental accuracy using the DFT and CBS-Q//B3 methods.
The SMD solvation model underestimated ∆G∗
solv for CH3CH2C(O)O− by ∼7 to 14 kcal/mol using the semiempiri-
cal methods, provided high accuracy (-0.3 kcal/mol error) using the HF/6-311++G(d,p) method, and systematically
overestimated ∆G∗
solv by ∼3 to 6 kcal/mol using the DFT, CBS, and G4 methods.
Using these calculated individual components of the monomeric aqueous phase acid dissociation thermodynamic
cycle (i.e., gas phase acidities and solvation free energies of the molecular and dissociated forms), the overall standard
state (1 mol/L; 298.15 K) aqueous phase monomeric acid dissociation free energies (∆G◦D,aq) for these seven valida-
tion compounds were calculated and compared to experimental ∆G◦D,aq values obtained from reported experimental
monomeric aqueous pKa values (Table S6). With ∼2 to 3 kcal/mol experimental errors for each of the two solvation
steps, and ∼1 to 2 kcal/mol experimental errors for the gas phase acidity, the overall expected absolute predictive
accuracy using a pure thermodynamic cycle approach is about 2 to 4 kcal/mol (or ∼1.5 to 3.0 pKa units) without error
cancellation in the individual components of the cycle. Most of the computational approaches examined achieve this
level of absolute accuracy for CF3C(O)OH, but each method displays a systematic positive bias in ∆G◦D,aq (and hence,
pKa) with increasing experimental pKa, reaching up to ∼7 to 10 pKa units for butanoic acid - even with the high
accuracy CBS and G4 level methods.
These results are neither surprising nor disappointing, and are fully consistent with the current state-of-the-art
regarding pKa prediction using direct thermodynamic cycle based DFT and ab initio approaches [22–24, 57–59].
At present, absolute pKa predictions across a wide range of acidity constants remain a challenge for computational
chemists, but relative pKa predictions using a range of theory levels are well established with high accuracy. The
reasons for the inability to achieve high absolute pKa prediction accuracy generally resides in both the failure to
fully account for free energy changes in the solvent upon acid dissociation, as well as progressively larger errors in
estimated ∆G∗
solv values for the anions of systematically weaker acids for the IEFPCM-UFF, CPCM-UFF, and SMD
solvation models, and the reverse error trend (i.e., lower ∆G∗
solv errors for the anions of progressively weaker acids)
with the CPCM-UAHF and CPCM-UAKS solvation models. Such limitations can be partially overcome by adding
explicit solvent molecules into the calculations, but at high computational costs [21]. These explicit solvent molecules
(typically localized around the acidic group) can also only partly model the free energy changes in the first solvation
shell, and neglect additional free energy contributions from changes in the bulk water and first solvation shell inter-
actions with other regions of the molecule besides the acidic moiety. For large many-electron compounds such as
PFCAs, addition of explicit solvent molecules (particularly enough solvent molecules to also model explicit solva-
tion shell interactions with the perfluoroalkyl chain) is computationally prohibitive, even using less expensive DFT
methods. As a result, the generally accepted approach is to directly calculate the pKa values for a suite of calibration
compounds relatively similar in structure to the target molecules using the level(s) of theory and solvation model(s)
of choice, to then linearly regress the predicted and experimental pKa values for the calibration compounds, subse-
quently calculate the pKa values of the targets, and then adjust the predicted target compound pKa values using the
calibration equation. Performing these calibration regressions using the various combinations of theory and solvation
models on the seven validation compounds indicates that all computational approaches examined have a high degree
of relative pKa predictivity (r2 from 0.94 to 0.998; Table 1) that justify reliable application to PFCAs. Our observed
regression slopes between experimental and predicted pKa values range from ∼0.4 to 0.6, in excellent agreement with
the wide range of other pKa prediction studies reported elsewhere [22, 60–62].
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Table 1: Computationally derived slopes, y-intercepts, and qualities-of-fits for calculated versus experimental pKa values using various levels of
Hartree-Fock ab initio, DFT, CBS, and G4 theory with the IEFPCM-UFF, CPCM-UFF, CPCM-UAHF, CPCM-UAKS, and SMD solvation models
for the 7 polyfluorinated and perhydrogenated alkylcarboxylic acids used by Goss [11, 12] in his analogy concept approach towards estimating the
pKa values of longer chain PFCAs.
IEFPCM-UFF CPCM-UFF CPCM-UAHF CPCM-UAKS SMD
slopea y-intb r2c slope y-int r2 slope y-int r2 slope y-int r2 slope y-int r2
HF/6-311++G(d,p) 0.40 -1.14 0.97 0.36 -0.70 0.95 0.60 -3.14 1.00 0.58 -3.14 1.00 0.46 -0.47 0.95
B3LYP/6-311++G(d,p) 0.36 0.89 0.97 0.38 0.84 0.96 0.47 -0.60 0.96 0.52 -1.21 0.99 0.46 1.29 0.98
B3LYP/aug-cc-pVDZ 0.38 0.68 0.97 0.36 0.80 0.96 0.55 -1.54 0.99 0.53 -1.54 0.99 0.46 1.17 0.99
B3LYP/6-311++G(3df,2p) 0.40 0.24 0.98 0.37 0.64 0.96 0.54 -1.70 0.99 0.53 -1.71 0.99 0.47 0.76 0.97
M062X/6-311++G(d,p) 0.39 0.65 0.98 0.39 0.64 0.98 0.61 -1.75 1.00 0.59 -1.70 1.00 0.44 1.51 0.98
B97D/6-311++G(d,p) 0.36 0.38 0.99 0.36 0.35 0.97 0.56 -2.57 0.94 0.54 -2.50 0.94 0.45 0.53 0.99
CBS-4M 0.39 0.50 0.99 0.39 0.51 0.99 n/cd n/c n/c n/c n/c n/c 0.48 0.99 0.99
CBS-Q//B3 0.40 0.19 0.97 0.41 0.09 0.99 0.51 -1.34 0.94 0.56 -2.03 0.97 0.49 0.83 0.99
CBS-APNO 0.42 0.03 0.97 0.39 0.30 0.96 n/c n/c n/c n/c n/c n/c 0.47 0.69 0.96
G4MP2 0.39 -0.15 0.98 0.41 -0.41 0.99 n/c n/c n/c n/c n/c n/c 0.49 0.26 0.98
G4 0.38 -0.01 0.98 0.41 -0.25 0.99 n/c n/c n/c n/c n/c n/c 0.48 0.46 0.98
a calculated slope ’m’ in the equation pKa = m × ∆G◦D,aq / 2.303RT + b (theoretical value is unity). b calculated y-intercept ’b’ in the equation pKa = m × ∆G◦D,aq /
2.303RT + b (theoretical value is zero). c Pearson correlation coefficient for regression of experimental pKa values against calculated pKa values. d not calculated.
Since this validation set of polyfluorinated and perhydrogenated alkylcarboxylic acids does not contain multiple
polyfluorinated carbons, we also sought to examine the accuracy of the various computational methods on additional
poly- and per-fluorinated compounds. Each of the computational combinations was also applied towards calculating
the ∆G∗
solv for the molecular forms of 2,2,2-trifluoroethanol, 1,1,1-trifluoropropan-2-ol, 2,2,3,3-tetrafluoropropan-1-ol,
2,2,3,3,3-pentafluoropropan-1-ol, and 1,1,1,3,3,3-hexafluoropropan-2-ol (Table S7). The IEFPCM-UFF, CPCM-UFF,
and SMD solvation models systematically underestimate the ∆G∗
solv of these compounds by ∼1 to 5 kcal/mol for
all levels of theory, although it is of interest that the AM1, PM3, and PDDG semiempirical methods achieve high
accuracy in ∆G∗
solv (∼1 kcal/mol mean signed error) with the SMD solvation model. The CPCM-UAHF and CPCM-
UAKS solvation models underestimate ∆G∗
solv by ∼6 to 17 kcal/mol, and thus - in the context of the additional results
presented above - do not currently appear suitable for relible ∆G∗
solv calculation of perfluorinated alkyl compounds.
Similar problems with the UAHF approach on compounds outside the original parametrization set for this model
have been reported elsewhere [63]. Proposed experimental ∆G∗
solv for the anionic forms of these five compounds
are only available for 2,2,2-trifluoroethanol (-80±3 kcal/mol) and 1,1,1,3,3,3-hexafluoropropan-2-ol (-67±3 kcal/mol)
[64]. The IEFPCM-UFF, CPCM-UFF, or SMD solvation models do not adequately estimate the ∆G∗
solv for these
two anions (errors ranging up to ≥20 kcal/mol), even at the CBS-Q//B3 level (9.2 and 6.1 kcal/mol errors for 2,2,2-
trifluoroethanol and 1,1,1,3,3,3-hexafluoropropan-2-ol, respectively) (Table S8). The source of the large ∆G∗
solv errors
for these two anions is unknown, but the suggested experimental ∆G∗
solv values of -80±3 and -6±3 kcal/mol [64] seem
too low in the context of a ∆G∗
solv=-59.3 kcal/mol for the trifluoroacetate ion (which would be expected to display an
approximately equal anionic solvation energy profile as the 2,2,2-trifluoroethanol and 1,1,1,3,3,3-hexafluoropropan-2-
ol anions). We view these results as suggestive that the proposed ∆G∗
solv for the 2,2,2-trifluoroethanol and 1,1,1,3,3,3-
hexafluoropropan-2-ol anions are too low and require reconsideration.
For the final portion of our method validation, we examined the effects of increasing perfluoroalkyl chain length on
the ∆G∗
solv errors. In the absence of experimental∆G∗solv values for a homologous series of straight chain perfluoroalkyl
compounds with polar/ionizable head groups and/or for any long-chain perfluorinated compounds, we investigated the
solvation behavior of perfluoromethane (C1; ∆G∗solv=3.2 kcal/mol), perfluoroethane (C2; ∆G∗solv=3.9 kcal/mol), and
perfluoropropane (C3; ∆G∗solv=4.3 kcal/mol). The experimental data show that increasing perfluoroalkyl chain length
results in less favorable aqueous solvation behavior, as would be expected given the known progressive hydrophobic
nature of longer perfluoroalkyl chains [2, 65, 66]. The IEFPCM-UFF, CPCM-UFF, CPCM-UAHF, and CPCM-UAKS
solvation models all systematically underestimate the ∆G∗
solv for these three compounds by ∼4 to 8 kcal/mol at all
levels of theory (Table S9). In addition, these solvation models - regardless of theory level - fail to predict the cor-
rect trend (i.e., increasing) in ∆G∗
solv with increasing perfluoroalkyl chain length. In comparison, the SMD solvation
model achieves effective experimental accuracy (mean signed errors ≤3 kcal/mol for all levels of theory; all errors are
systematically low) for the ∆G∗
solv values, and correctly predicts the trend of less favorable solvation with increasing
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perfluoroalkyl chain length. Consequently, the results of the validation exercise suggest that while any of the compu-
tational methods (and combinations thereof) can likely achieve high predictive accuracy with appropriate calibration,
the DFT and CBS-Q//B3 methods using the SMD solvation model will likely yield the most accurate monomeric
aqueous pKa predictions for longer chain PFCAs. In their development of the SMD solvation model, Marenich et al.
also reported excellent agreement between experimental and estimated ∆G∗
solv for fluoroalkanes, with diffuse function
containing basis sets giving modestly negative solvation energies [56], both of which agree with our findings. Al-
though CBS-APNO and G4 level methods are also capable of high accuracy, particularly for ∆G◦D,g estimates, these
methods are too computationally expensive to apply even to shorter chain PFCAs.
Having validated the computational methods, the individual components of the monomeric aqueous PFCA pKa
thermodynamic cycle were calculated. ∆G◦D,g values for the straight chain C1 (TFA) through C7 (n-PFOA) PF-
CAs were calculated at the HF/6-31G(d,p), HF/6-31++G(d,p), HF/6-311++G(d,p), B3LYP/6-31G(d,p), B3LYP/6-
31++G(d,p), B3LYP/6-311++G(d,p), B3LYP/6-311++G(3df,2p),B3LYP/aug-cc-pVDZ, M062X/6-311++G(d,p), and
B97D/6-311++G(d,p) levels of theory. ∆G◦D,g values for TFA through the straight chain C4 PFCA (n-perfluoropentanoic
acid; n-PFPeA) were also calculated using the CBS-Q//B3 method (Table S10). CBS-Q//B3 calculations on C5 and
longer chain PFCAs are computationally prohibitive at present. Additional calculations using the HF and B3LYP
methods with the 6-31G(d,p), 6-31++G(d,p), and 6-311++G(d,p) basis sets were performed on the straight chain
C8 (n-perfluorononanoic acid; PFNA) and C9 (n-perfluorodecanoic acid; n-PFDeA) PFCAs. In addition to the ex-
perimental ∆G◦D,g for TFA, a ∆G◦D,g of 315.0±2.0 kcal/mol has been reported [67] for the C3 straight chain PFCA
(n-perfluorobutanoic acid; n-PFBuA). The addition of higher level Pople-type basis sets and diffuse functions (e.g.,
6-311++G(3df,2p) vs. 6-311++G(d,p), 6-31++G(d,p) vs. 6-31G(d,p)) increases the accuracy of the ∆G◦D,g estimates
using both the HF and B3LYP model chemistries. No significant difference in the computational∆G◦D,g accuracy of the
6-311++G(d,p) Pople-type basis set and the aug-cc-pVDZ Dunning-type basis set, both containing diffuse functions,
was observed.
With quoted experimental error bars of ±2.0 kcal/mol on the three experimental ∆G◦D,g values for TFA (316.2±2.0
[68], 316.4±2.0 [69], and 317.4±2.0 kcal/mol [67]), the computational approaches correctly predict both the direc-
tion and magnitude of a decrease in ∆G◦D,g in moving from TFA to n-PFBuA that agrees well with the experimental
range of ∼1 to 6 kcal/mol. All computational approaches predict a single-exponential decay in ∆G◦D,g with increasing
perfluoroalkyl chain length, showing no significant decline in ∆G◦D,g at chain lengths greater than C4. Similar calcu-
lations were conducted at the B3LYP/6-311++G(d,p), B3LYP/6-311++G(3df,2p), B3LYP/aug-cc-pVDZ, M062X/6-
311++G(d,p), and B97D/6-311++G(d,p) levels of theory for the five monomethyl branched PFOA isomers (1-CF3-
through 5-CF3-PFOA) (Table S11). Only α-perfluoromethyl branching (i.e., 1-CF3-PFOA) appears to substantially
alter (lower by 2 to 3 kcal/mol) the ∆G◦D,g, with ∆G◦D,g values for the 2-CF3- through 5-CF3-PFOA isomers approxi-
mately equal to that of the straight chain n-PFOA.
Solvation free energies (∆G∗
solv) for the molecular and dissociated forms of the straight chain PFCAs were sub-
sequently calculated using the AM1, PM3, PM6, PDDG, HF/6-31G(d,p), HF/6-31++G(d,p), HF/6-311++G(d,p),
B3LYP/6-31G(d,p), B3LYP/6-31++G(d,p), and B3LYP/6-311++G(d,p) methods (C1 through C9 homologs), the
B3LYP/6-311++G(3df,2p), B3LYP/aug-cc-pVDZ, M062X/6-311++G(d,p), and B97D/6-311++G(d,p) levels of the-
ory (C1 through C7 homologs), and the CBS-Q//B3 method (C1 through C4 homologs) using both the IEFPCM-UFF
and SMD solvation models (Tables S12 and S13). All computational methods and both solvation models correctly
predict the expected increase in ∆G∗
solv for both the molecular and anionic forms with increasing perfluoroalkyl chain
length between C1 and C2, but only the SMD solvation model (with all levels of theory) reliably predicts the expected
continued increase in hydrophobicity with increasing chain length at greater than C2, indicating the results from this
model are likely most accurate. The IEFPCM-UFF solvation model predicts no substantial change (i.e., ± ∼1 kcal/mol
variation) in ∆G∗
solv for both the molecular and anionic forms at C3 and higher homologs, which likely misrepresents
the actual solvation behavior of these compounds. Analogous calculations at the B3LYP/6-311++G(d,p), B3LYP/6-
311++G(3df,2p), B3LYP/aug-cc-pVDZ, M062X/6-311++G(d,p), and B97D/6-311++G(d,p) levels of theory were
conducted on the 1-CF3- through 5-CF3-PFOA isomers using the IEFPCM-UFF and SMD solvation models (Tables
S14 and S15). All methods employed suggest that the closer the perfluoromethyl branching is to the carboxylic
acid/carboxylate head group, the less energetically favorable is ∆G∗
solv for both the acid and anionic forms. This trend
is, at least partially, due to the inductive withdrawing effects of a close proximity -CF3 substituent on the perfluoroalkyl
chain, thereby reducing the hydrophilicity of the carboxylate group. The consistent patterns of increasing ∆G∗
solv for
the PFCA acid and anionic forms with decreasing ∆G◦D,g as the perfluoroalkyl chain lengthens is also in agreement
7
N
at
ur
e 
Pr
ec
ed
in
gs
 : 
do
i:1
0.
10
38
/n
pr
e.
20
10
.3
82
9.
2 
: P
os
te
d 
5 
Fe
b 
20
10
with experimental data for haloacetic acids and haloacetate ions [70].
Combining the calculated ∆G∗
solv for the molecular and anionic PFCA forms and the corresponding ∆G
◦
D,g yields
the overall ∆G◦D,aq (Table S16). The ∆G◦D,aq values, when corrected using the calibration equations given in Table
1, result in the estimated monomeric aqueous pKa values of the C1 through C9 straight chain PFCAs and the five
monomethyl branched PFOA isomers as given in Table 2. The results unequivocally indicate that the pKa values of all
straight chain PFCAs are likely between ∼0 and -0.5, in excellent agreement with the prediction of 0 made by Goss
[11, 12] and the experimental data of Cheng et al. [10] which provided an upper limit boundary for a monomeric
n-PFOA pKa at ≤1. The only perfluoroalkyl branching effect on pKa (among the five monomethyl branched isomers
under consideration) is for 1-CF3-PFOA, which all methods indicate should be up to 0.5 pKa units more acidic than
n-PFOA. Where the monomethyl branching occurs at the β (i.e., 2-CF3-) or further positions from the head group, no
substantial deviations from the pKa of the straight chain analog are expected. We also note the excellent agreement
between the estimated pKa values of all PFCAs (including the branched isomers) and our previous semiempirical PM6
estimates that used the pKa prediction module in MOPAC 2007 [17] and prior estimates using the COSMOtherm and
SPARC software programs [11, 12].
To confirm the accuracy of the DFT pKa prediction methods for longer chain PFCAs, we also examined the
estimated gas and aqueous phase dipole moments (µ) predicted for each PFCA both between methods, and against
the gas and aqueous phase CBS-Q//B3 data available for the C1 through C4 straight chain PFCAs. All levels of theory
using both the IEFPCM-UFF and SMD solvation models are in excellent agreement and predict no substantial change
in either the gas or aqueous phase µ with chain length or monomethyl branching pattern for the molecular forms
(Table S17). Similarly, all methods are in excellent agreement regarding a linear increase in µ with increasing chain
length for the anionic species, and also with respect to the expected trend of increasing reduction in the anionic µ with
closer proximity of electron withdrawing perfluoromethyl branching to the carboxylate head group.
Quantitative structure-property relationships (QSPRs) for estimating the pKa values of organic oxyacids often
employ (in addition to other solute/solvent descriptors) the calculated charges on the oxygen (qO) and hydrogen (qH)
atoms in the acid (and the charge difference between these atoms), as well as the estimated O-H bond length (rO−H)
(see, e.g., ref. [71–75] and references therein). Depending on the QSPR, these calculations may be conducted in
the gas or aqueous phases, or both. At all levels of theory we investigated, we do not find any significant changes
in the Mulliken, atomic polar tensor (APT), or Natural Bond Order (NBO) natural population analysis qO or qH as
a function of perfluoroalkyl chain length in either the gas or aqueous phase (Table S18). Monomethyl branching for
the C7 PFCAs has only a modest impact on the estimated atomic charges (i.e., up to a few hundredths of charge
units), consistent with relatively small perfluoroalkyl chain branching influences predicted from the thermodynamic
and dipole moment analyses. No significant changes in aqueous phase rO−H were also observed with perfluoroalkyl
chain length (Table S19).
Perfluoroalkyl chain geometrical patterns were also consistent with increasing chain length across all methods. No
significant changes in adjacent C-C bond lengths arise from increasing chain length (Table S20). At all levels of theory,
the perfluoroalkyl chain begins to adopt a twisted (helical) geometry at ≥C4 to minimize repulsive interactions between
adjacent -CF2- moieties as the chain sequentially lengthens (Table S21). This helical nature of perfluoroalkane chains
is well known from studies on the parent perfluorinated n-alkanes and variously substituted derivatives (see, e.g., ref.
[76–80] and references therein), and our geometrical parameters are consistent with the prior work. As a result, the
findings consistently suggest the absence of any substantial perfluoroalkyl chain helicity induced changes in either
the electrostatic or steric characteristics of the carboxylic acid head group on PFCAs as the perfluoroalkyl chain
progressively lengthens beyond C2. Consequently, both thermodynamic and QSPR based methods for pKa prediction
based on these molecular geometries and associated properties would not be expected to predict any relevant changes
in pKa for linear PFCAs with two or more perfluorocarbons. Thus, we find no theoretical evidence for a helicity based
argument regarding perfluoroalkyl chain length changes in either the steric or electronic nature of the PFCA head
group.
To this point, our studies had focussed on the global minimum conformational space of PFCAs, for which the
helical conformations of longer chain PFCAs are known to be the lowest energy conformers. In order to investi-
gate whether any substantial populations of non-helical higher energy n-PFOA conformations may both be present
and also have pKa values substantially different from the global minimum helical conformation, a full molecular
mechanics conformational search and subsequent DFT analysis was conducted on this compound. The MMFF94
[81–85] molecular mechanics force field method systematic rotor search (Avogadro 1.0.0) yielded 2915 low- through
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high-energy conformers of n-PFOA. Ranking of these structures gave the 94 lowest energy conformations that were
subjected to DFT investigations at the B3LYP/6-311++G(d,p) and M062X/6-311++G(d,p) levels of theory. For
these 94 individual starting structures, geometry optimizations and frequency calculations and associated vibrational
analyses were performed at the B3LYP/6-311++G(d,p) and M062X/6-311++G(d,p) levels for each of the acid and
corresponding anionic forms in the gas and aqueous phases using the IEFPCM-UFF and SMD solvation models.
The lowest energy n-PFOA conformation was found to be the helical geometry using both levels of theory for
the molecular and anionic forms in the gas and aqueous phases with both solvation models. The aqueous phase
acid form calculations resulted in a convergence of the other 93 starting MMFF94 conformer geometries to the fol-
lowing final number of optimized DFT level non-helical conformations: IEFPCM-UFF/B3LYP/6-311++G(d,p), 11
(Table S22); SMD/B3LYP/6-311++G(d,p), 19 (Table S23); IEFPCM-UFF/M062X/6-311++G(d,p), 12 (Table S24);
and SMD/M062X/6-311++G(d,p), 19 (Table S25). This observed convergence of conformational minima with in-
creasing level of theory is consistent with previous semiempirical and ab initio gas phase studies on C5 through C7
perfluoroalkanes [86]. The non-helical aqueous phase acid geometries ranged from 2.7 to 6.8 kcal/mol (IEFPCM-
UFF/B3LYP/6-311++G(d,p)), 1.8 to 6.7 kcal/mol (SMD/B3LYP/6-311++G(d,p)), 2.1 to 6.0 kcal/mol (IEFPCM-
UFF/M062X/6-311++G(d,p)), and 2.0 to 5.4 kcal/mol (SMD/M062X/6-311++G(d,p)) less thermodynamically stable
than the corresponding helical conformer.
A Boltzmann population analysis based on the relative Gibbs free energies of each undissociated conformer in
the gas and aqueous phases, followed by extrapolating the cumulative relative conformational abundance obtained
for each method over the range of conformers under consideration, gives the cumulative percent of total n-PFOA
conformational space that each molecular form conformer distribution occupies (Figure 2(a)). All approaches indicate
that the helical conformer is predicted to be the dominant contributor (greater than 80%) to the overall conformational
space of molecular n-PFOA in both the gas phase and aqueous solution, and that our methods have effectively mapped
out 100% of the possible n-PFOA conformational space within the conformers under study. Thus, assuming the
SMD solvation model more accurately represents the solvated behavior of perfluoroalkyl chains, the helical global
minimum conformation of molecular n-PFOA appears to comprise ∼90% of the total conformational population
of this compound in aqueous solution. Analogous results were observed for the anionic form calculations (Figure
2(b)), with the following number of final converged non-helical conformers: IEFPCM-UFF/B3LYP/6-311++G(d,p),
6 (Table S26); SMD/B3LYP/6-311++G(d,p), 11 (Table S27); IEFPCM-UFF/M062X/6-311++G(d,p), 7 (Table S28);
and SMD/M062X/6-311++G(d,p), 8 (Table S29).
Applying the pKa thermodynamic cycle and associated correction equations from Table 1 to the n-PFOA con-
formational energies obtained using the B3LYP/6-311++G(d,p) and M062X/6-311++G(d,p) levels of theory gives
the conformer specific estimated individual pKa values in Table 3. The range of conformation dependent pKa val-
ues within each method is small (IEFPCM-UFF/B3LYP/6-311++G(d,p), -0.3 to -0.1, avg=-0.2 [bulk aqueous solu-
tion pKa average calculated using associated Ka values for each conformer statistically weighted according to their
relative calculated abundance ratios]; SMD/B3LYP/6-311++G(d,p), -1.1 to 0.2, avg=-0.4; IEFPCM-UFF/M062X/6-
311++G(d,p), -0.8 to -0.5, avg=-0.5; and SMD/M062X/6-311++G(d,p), -0.7 to 0.3, avg=-0.1), and in all cases, the
conformationally averaged pKa value is equal to the value obtained for the helical conformation. Consequently, per-
fluoroalkyl chain helicity does not exert any unusual acidity constant influences upon the carboxylic acid function,
and the dominant determinant of PFCA acidity is the pure inductive character of -CF2- units nearest the head group
- and independent of their spatial conformations. From the cumulative abundance distributions, it appears we have
effectively exhaustively investigated the conformational space for n-PFOA, indicating that even if mid- to high-energy
conformers not included in the present work have unusually high individual pKa values of up to 4 to 5, these low
population/high energy conformations would not alter the composite pKa from those estimates provided herein. Con-
sequently, high energy/high pKa conformations not considered here will not play a significant role in determining the
composite monomeric pKa for n-PFOA.
We also sought to investigate any potential intramolecular F· · ·H bonding that could reduce the acidity of the car-
boxylate group via energetic stabilization of the molecular form. From the IEFPCM-UFF/B3LYP/6-311++G(d,p)),
SMD/B3LYP/6-311++G(d,p), IEFPCM-UFF/M062X/6-311++G(d,p), and SMD/M062X/6-311++G(d,p) calculations
in water on the major undissociated molecular conformers of n-PFOA, the minimum F· · ·H distance between the car-
boxylic acid hydrogen atom and any fluorine on the perfluoroalkyl chain ranged between 3.29 to 3.65 angstroms,
substantially longer than the typical upper limit of less than 2.5 to 3.0 angstroms required for a significant F· · ·H
hydrogen bond [87, 88]. Consequently, there appear to be no potentially important contributions from intramolecular
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Figure 2: Cumulative percent of global conformational space occupied by the global minimum helical conformation (conformer 1) and the ma-
jor non-helical conformers for the (a) undissociated (molecular acid) and (b) dissociated (anionic) forms of n-PFOA using the (i) B3LYP/6-
311++G(d,p) and (ii) M062X/6-311++G(d,p) levels of theory in the gas phase (©) and aqueous phase using the IEFPCM-UFF () and SMD (△)
solvation models.
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Table 3: Estimated individual monomeric aqueous pKa values of the helical and major non-helical conformations of n-PFOA, and associated
conformationally averaged pKa values, using the B3LYP/6-311++G(d,p) and M062X/6-311++G(d,p) DFT methods with the IEFPCM-UFF and
SMD solvation models.
B3LYP/6-311++G(d,p) M062X/6-311++G(d,p)
IEFPCM-UFF SMD IEFPCM-UFF SMD
conformer RARa pKa RAR pKa RAR pKa RAR pKa
helical 1 -0.2 1 -0.5 1 -0.5 1 -0.1
1 0.01 -0.1 0.05 0.2 0.03 -0.5 4×10−2 0.3
2 6×10−3 -0.2 5×10−2 0.0 2×10−2 -0.7 3×10−2 -0.2
3 5×10−3 -0.3 6×10−3 -0.4 1×10−2 -0.7 2×10−2 -0.4
4 4×10−4 -0.1 3×10−3 0.2 1×10−2 -0.7 1×10−2 -0.2
5 4×10−4 -0.2 1×10−3 -0.4 3×10−3 -0.5 4×10−3 -0.2
6 3×10−4 -0.2 9×10−4 0.0 2×10−3 -0.6 4×10−3 -0.3
7 3×10−4 -0.2 9×10−4 -0.2 7×10−4 -0.5 3×10−3 -0.3
8 2×10−4 -0.3 8×10−4 -0.1 5×10−4 -0.5 2×10−3 -0.3
9 2×10−4 -0.2 7×10−4 0.0 5×10−4 -0.8 2×10−3 -0.3
10 3×10−4 -0.1 4×10−4 -0.2 4×10−4 -0.6 2×10−3 -0.5
11 1×10−4 -0.3 4×10−4 -0.2 2×10−4 -0.5 2×10−3 -0.3
12 2×10−4 -0.3 4×10−5 -0.7 2×10−3 -0.3
13 2×10−4 -1.1 1×10−3 -0.3
14 2×10−4 -0.4 7×10−4 -0.4
15 1×10−4 -0.9 4×10−4 -0.7
16 1×10−4 -0.9 3×10−4 -0.4
17 5×10−5 -0.3 2×10−4 -0.7
18 3×10−5 -0.3 1×10−4 -0.5
19 1×10−5 -0.5 1×10−4 -0.4
avg.b -0.2 -0.4 -0.5 -0.1
a relative abundance ratio calculated on a Boltzmann distribution using relative Gibbs free energies. b conformational population average pKa calculated from a statistical
weighting of conformer specific estimated acidity constants (Ka).
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-C-F· · ·H-O- hydrogen bonds in any major n-PFOA aqueous phase molecular conformation that could stabilize the
undissociated form, and thereby substantially lower the dissociation constant of the carboxylate moiety. These results
are similar to gas phase work on the n:2 fluorotelomer alcohols, where Krusic et al. [89] found that their experi-
mental investigations and B3LYP/6-311++G(3df,2p)//B3LYP/6-31++G(d,p) computational studies both consistently
indicated an absence of significant intramolecular -C-F· · ·H-O- bonding in these analogous compounds. In an attempt
to rationalize the anomalously high monomeric pKa of 3.8 for n-PFOA proposed by Burns et al. [8], their associ-
ated claims of a higher pKa for the monomeric versus aggregated forms of longer chain PFCAs, and the resulting
implications for the monomeric pKa values of other long chain PFCAs, we previously hypothesized that some form
of intramolecular -C-F· · ·H-O- bonding may be present in long chain PFCAs that could reduce the acidity of the car-
boxylate group [80]. This effect would only likely be present where five/six-membered (and higher) intramolecular
rings could form between the undissociated carboxylic acid function and fluorines at least several perfluorocarbons
away on the chain, thereby potentially explaining how the results of Burns et al. [8] implied that monomeric pKa val-
ues of PFCAs purportedly increased substantially starting at chain lengths where intramolecular ring formation could
be possible. However, the theoretical studies herein attest to the absence of any energetically plausible intramolecular
F· · ·H bonding in PFCAs.
The findings presented here support the prediction of Goss [11, 12], prior COSMOtherm, SPARC, and semiem-
pirical PM6 estimates [11, 12, 17], and the experimental data of Cheng et al. [10] for a relatively chain length
independent monomeric pKa of about 0 for straight chain PFCAs with ≥2 perfluorocarbons. The results do not sup-
port either the proposed monomeric pKa for n-PFOA of 3.8±0.1 put forward by Burns et al. [8], or their associated
hypothesis for a perfluoroalkyl chain helicity based rationalization of this elevated pKa value. In the current work, we
have shown using various computational methods and levels of theory, that for a homologous series of short- through
long-chain linear PFCAs exhibiting helical perfluoroalkyl chains, there is no significant change in the electrostatic
or steric structure of the carboxyl head group, nor do thermodynamic cycle approaches predict any substantial pKa
variation among the compounds. Conformational analyses also do not provide any evidence for high pKa non-helical
n-PFOA conformations.
The higher pKa values of aggregated long chain PFCAs versus their monomeric counterparts has been previously
reported for n-PFHpA [19], n-PFOA, and n-PFNA [18]. These PFCAs were found to be strong acids that are effec-
tively completely ionized in aqueous solution when present as the monomeric form, but have substantially increased
apparent pKa values when aggregated into clusters. These findings are equivalent to reports regarding the effect of
premicellar aggregation on the pKa values of long straight chain alkylcarboxylic acids (fatty acids). At pH values (4
to 8) up to several units above the monomeric pKa of fatty acids (∼4.8), (RCOO)2H− clusters (where R=CnH2n+1) are
known to be present [20]. Such behavior is in complete agreement with the experimental observation of (RCOO)2H−
clusters (where R=C7F15) that Cheng et al. [10] recently reported for n-PFOA at pH values above their monomeric
pKa estimate of ≤1. More directly on-point from the fatty acid literature is that the apparent pKa of these compounds
increases dramatically under premicellar aggregation at C6 chain lengths and higher (from a premicellar aggregated
pKa of 4.8 for hexanoic acid to 6.5 for octanoic acid, and up to greater than 8 for tetradecanoic acid), whereas the
monomeric aqueous pKa values of these fatty acids (which are well defined at ∼4.8) are independent of chain length
between C2 and C18 [20]. Analogous work on the fatty acids has shown that intramolecular effects (i.e., chain length)
have negligible impacts on monomeric pKa values of alkylcarboxylic acids, but that the enhanced aggregation be-
havior of longer and more hydrophobic perhydroalkyl chains substantially reduces the acidity of the carboxylic acid
groups. As longer perfluoroalkyl chains are also more hydrophobic than their shorter homologs, an analogous pre-
micellar aggregation increase in apparent pKa is expected for PFCAs. PFCAs are not expected to deviate from the
general acid-base rules specifying that - for monoprotic substances - neutral aggregates always display an apparent
pKa greater than the monomeric pKa, and anionic aggregates always display an apparent pKa less than the monomeric
pKa [90]. Thus, it appears that the n-PFOA concentration dependent pKa data determined by Burns et al. [8] cannot be
reliably back-extrapolated to infinite dilution (i.e., that the apparent pKa of n-PFOA decreases significantly between
infinite dilution and 1 mM, reversing any perceived inverse pKa versus concentration trend at concentrations greater
than 1 mM) as observed for analogous fatty acids [20].
Further support for the lack of change in the structural or electronic characteristics of the carboxylate head group
with increasing perfluoroalkyl chain length comes indirectly from the recently published octanol-water distribution
constants (log D values) for the straight chain n-PFBuA through n-PFDeA by Jing et al. [91], and our subsequent
thermodynamic analysis of their data [2]. In brief, the significant linearity of the relationship between the log D values
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and number of perfluorocarbons over this chain length range strongly implies there is no corresponding fundamental
change in the characteristics of the carboxylate head group, since such changes (particularly those that would need to
occur to give rise to a 3.5 pKa unit increase for the acid forms) would likely also manifest themselves in substantial
non-linearities in the log D versus chain length relationship.
Within this context, however, it must be recognized that longer chain PFCAs display concentration dependent pKa
values, with a significant increase (potentially up to 4 units) in moving from the monomeric species to oligomeric
and micellar based structures. In relatively unpolluted waters, the lower monomeric pKa values near 0 should be
used for modeling purposes, whereas in highly polluted natural waters and waste waters - where concentrations can
exceed values where molecular associations may be expected [2] - higher pKa values may need to be used in order to
more accurately simulate actual in situ acid-base behavior of these important environmental contaminants. At present,
the concentration dependent apparent pKa values of longer chain PFCAs remains poorly defined at environmentally
relevant concentrations, and further work in this area of study is strongly warranted.
The collective results appear to map the chemical space of possible structural rationalizations for the monomeric
pKa values of PFCAs. All results support the previous prediction [11, 12] and experimental [10] evidence that the
monomeric pKa values of all PFCAs (both short- and long-chain, linear and branched) are most likely near or less
than zero. There is a collective absence of any theoretical, predictive, or other experimental support for the proposed
experimental [8] monomeric aqueous pKa of 3.8 for n-PFOA. If the monomeric pKa of n-PFOA is indeed near 4, this
finding would likely represent one of the largest aqueous monomeric pKa anomalies known for carbon oxyacids that
directly contradicts a growing quantity of theoretical and experimental work suggesting the true monomeric pKa value
is more likely near zero. Unless additional rigorous experimental evidence can be adduced to support the claim of this
high monomeric pKa value, it appears that all future environmental modeling work, toxicological studies, and waste
treatment investigations should assume a relatively uniform monomeric aqueous pKa value near zero for all possible
PFCAs.
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Table S1. Comparison between experimental standard state (1 atm; 298.15 K) gas phase acid dissociation free energies (ΔG°D,g) and calculated values using various levels of Hartree-Fock ab 
initio, DFT, CBS, and G4 theory for the 7 polyfluorinated and perhydrogenated alkylcarboxylic acids used by Goss [1, 2] in his analogy concept approach towards estimating the pKa values of 
longer chain PFCAs. Values are in kcal/mol. Errors are in kcal/mol (brackets) and pKa units (parentheses).
CF3COOH CHF2COOH CH2FCOOH CF3CH2COOH CH3CH2COOH CF3(CH2)2COOH CH3(CH2)2COOH MSEa MUEb RMSEc
exptd 316.2 to 317.4 323.6 to 323.9 331.0 to 331.5 327.0 340.3 329.6 339.4
HF/6-311++G(d,p) 319.1 326.8 335.2 331.0 345.2 334.8 344.1
[1.7 to 2.9] [2.9 to 3.2] [3.7 to 4.2] [4.0] [4.9] [5.2] [4.7] [4.0] [4.0] [4.1]
(1.3 to 2.1) (2.1 to 2.4) (2.7 to 3.1) (2.9) (3.6) (3.8) (3.5) (2.9) (2.9) (3.0)
B3LYP/6-311++G(d,p) 311.8 320.0 327.0 322.8 338.5 326.9 338.2
[-5.6 to -4.4] [-3.9 to -3.6] [-4.5 to -4.0] [-4.2] [-1.8] [-2.7] [-1.2] [-3.3] [3.3] [3.5]
(-4.1 to -3.2) (-2.9 to -2.6) (-3.3 to -2.9) (-3.1) (-1.3) (-2.0) (-0.9) (-2.4) (2.4) (2.6)
B3LYP/6-311++G(3df,2p) 314.4 320.4 328.4 324.6 337.8 327.6 339.0
[-3.0 to -1.8] [-3.5 to -3.2] [-3.1 to -2.6] [-2.4] [-2.5] [-2.0] [-0.4] [-2.3] [2.3] [2.4]
(-2.2 to -1.3) (-2.6 to -2.4) (-2.3 to -1.9) (-1.8) (-1.8) (-1.5) (-0.3) (-1.7) (1.7) (1.8)
B3LYP/aug-cc-pVDZ 313.0 319.1 327.2 323.5 337.1 326.7 338.2
[-4.4 to -3.2] [-4.8 to -4.5] [-4.3 to -3.8] [-3.5] [-3.2] [-2.9] [-1.2] [-3.3] [3.3] [3.5]
(-3.2 to -2.4) (-3.5 to -3.4) (-3.2 to -2.8) (-2.6) (-2.4) (-2.1) (-0.9) (-2.4) (2.4) (2.6)
M062X/6-311++G(d,p) 313.8 321.2 328.3 323.5 338.2 329.0 337.8
[-3.6 to -2.4] [-2.7 to -2.4] [-3.2 to -2.7] [-3.5] [-2.1] [-0.6] [-1.6] [-2.3] [2.3] [2.5]
(-2.6 to -1.8) (-2.0 to -1.8) (-2.4 to -2.0) (-2.6) (-1.5) (-0.4) (-1.2) (-1.7) (1.7) (1.8)
B97D/6-311++G(d,p) 314.0 320.4 328.5 324.5 340.0 328.8 338.7
[-3.4 to -2.2] [-3.5 to -3.2] [-3.0 to -2.5] [-2.5] [-0.3] [-0.8] [-0.7] [-1.9] [1.9] [2.2]
(-2.5 to -1.6) (-2.6 to -2.4) (-2.2 to -1.8) (-1.8) (-0.2) (-0.6) (-0.5) (-1.4) (1.4) (1.6)
CBS-4M 314.7 321.4 328.8 326.0 340.2 328.8 338.4
[-2.7 to -1.5] [-2.5 to -2.2] [-2.7 to -2.2] [-1.0] [-0.1] [-0.8] [-1.0] [-1.4] [1.4] [1.6]
(-2.0 to -1.1) (-1.8 to -1.6) (-2.0 to -1.6) (-0.7) (-0.1) (0.6) (-0.7) (-1.0) (1.0) (1.2)
CBS-Q//B3 315.8 322.2 329.5 325.9 340.0 329.9 339.0
[-1.6 to -0.4] [-1.7 to -1.4] [-2.0 to -1.5] [-1.1] [-0.3] [0.3] [-0.4] [-0.8] [0.9] [1.1]
(-1.2 to -0.3) (-1.3 to -1.0) (-1.5 to -1.1) (-0.8) (-0.2) (0.2) (-0.3) (-0.6) (0.7) (0.8)
CBS-APNO 315.6 322.3 329.8 325.9 339.3 328.8 338.6
[-1.8 to -0.6] [-1.6 to -1.3] [-1.7 to -1.2] [-1.1] [-1.0] [-0.8] [-0.8] [-1.1] [1.1] [1.2]
(-1.3 to -0.4) (-1.2 to -0.3) (-1.3 to -0.4) (-0.8) (-0.7) (-0.6) (-0.6) (-0.8) (0.8) (0.9)
G4MP2 316.9 324.3 330.5 327.1 340.9 331.2 340.1
[-0.5 to 0.7] [0.4 to 0.7] [-1.0 to -0.5] [0.1] [0.6] [1.6] [0.7] [0.4] [0.6] [0.8]
(-0.4 to 0.5) (0.3 to 0.5) (-0.7 to -0.4) (0.1) (0.4) (1.2) (0.5) (0.3) (0.4) (0.6)
G4 316.4 323.7 329.9 326.5 340.5 330.7 339.7
[-1.0 to 0.2] [-0.2 to 0.1] [-1.6 to -1.1] [-0.5] [0.2] [1.1] [0.3] [-0.1] [0.6] [0.7]
(-0.7 to 0.1) (-0.1 to 0.1) (-1.2 to -0.8) (-0.4) (0.1) (0.8) (0.2) (-0.1) (0.4) (0.5)
a mean signed error between calculated and experimental values. b mean unsigned error between calculated and experimental values. c root mean squared error between calculated and 
experimental values. d experimental values from ref. [3-5] as listed in the NIST Chemistry WebBook (http://webbook.nist.gov/chemistry/).
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Table S2. Linear regression statistics for the mean errors in calculated standard 
state gas phase (1 atm; 298.15 K) acid dissociation free energies (ΔG°D,g) regressed 
against experimental ΔG°D,g values using various levels of Hartree-Fock ab initio, 
DFT, CBS, and G4 theory for the 7 polyfluorinated and perhydrogenated 
alkylcarboxylic acids used by Goss [1, 2] in his analogy concept approach towards 
estimating the pKa values of longer chain PFCAs.
r2 p-value slope y-int
HF/6-311++G(d,p) 0.708 0.02 0.107 -31.3
B3LYP/6-311++G(d,p) 0.764 0.01 0.148 -52.0
B3LYP/6-311++G(3df,2p) 0.254 0.25 n/sa n/s
B3LYP/aug-cc-pVDZ 0.115 0.12 n/s n/s
M062X/6-311++G(d,p) 0.191 0.33 n/s n/s
B97D/6-311++G(d,p) 0.614 0.04 0.116 -40.3
CBS-4M 0.416 0.12 n/s n/s
CBS-Q//B3 0.181 0.34 n/s n/s
CBS-APNO 0.243 0.26 n/s n/s
G4MP2 0.043 0.66 n/s n/s
G4 0.059 0.60 n/s n/s
a not significant at p>0.05.
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Table S3. Comparison between experimental standard state (1 atm; 298.15 K) gas phase acid dissociation free 
energies (ΔG°D,g) and calculated values using various levels of semiempirical theory for the 7 polyfluorinated and 
perhydrogenated alkylcarboxylic acids used by Goss [1, 2] in his analogy concept approach towards estimating the pKa 
values of longer chain PFCAs. Values are in kcal/mol. Errors are in kcal/mol (brackets).
CF3COOH CHF2COOH CH2FCOOH CF3CH2COOH CH3CH2COOH CF3(CH2)2COOH CH3(CH2)2COOH MSEa MUEb RMSEc
exptd 316.2 to 317.4 323.6 to 323.9 331.0 to 331.5 327.0 340.3 329.6 339.4
AM1 -59.0 -45.4 -35.9 -41.5 -25.5 -37.5 -25.8
[-376.4 to -375.2] [-369.3 to -369.0] [-367.4 to -366.9] [-368.5] [-365.8] [-367.1] [-365.2] [-368.4] [368.4] [368.4]
PM3 -61.6 -49.8 -39.4 -46.3 -30.3 -42.3 -32.5
[-379.0 to -377.8] [-373.7 to -373.4] [-370.9 to -370.4] [-373.3] [-370.6] [-371.9] [-371.9] [ -372.9] [ 372.9] [372.9]
PM6 -70.4 -58.8 -49.1 -58.2 -38.9 -53.0 -39.2
[-387.8 to -386.6] [-382.7 to -382.4] [-380.6 to -380.1] [-385.2] [-379.2] [-382.6] [-378.6] [-382.2] [382.2] [382.3]
PDDG -63.2 -50.6 -41.5 -47.6 -30.4 -43.2 -32.5
[-380.6 to -379.4] [-374.5 to -374.2] [-373.0 to -372.5] [-374.6] [-370.7] [-372.8] [-371.9] [-373.9] [373.9] [373.9]
a mean signed error between calculated and experimental values. b mean unsigned error between calculated and experimental values. c root mean 
squared error between calculated and experimental values. d experimental values from ref. [3-5] as listed in the NIST Chemistry WebBook 
(http://webbook.nist.gov/chemistry/).
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Table S4. Comparison between available experimental standard state (1 mol/L; 298.15 K) solvation free energies (ΔG*solv) and calculated values using various levels of semiempirical, 
Hartree-Fock ab initio, DFT, CBS, and G4 theory with the IEFPCM-UFF, CPCM-UFF, CPCM-UAHF, CPCM-UAKS, and SMD solvation models for the undissociated (molecular) forms of the 7 
polyfluorinated and perhydrogenated alkylcarboxylic acids used by Goss [1, 2] in his analogy concept approach towards estimating the pKa values of longer chain PFCAs. Values are in 
kcal/mol. Errors are in kcal/mol (brackets) and pKa units (parentheses).
CF3COOH CHF2COOH CH2FCOOH CF3CH2COOH CH3CH2COOH CF3(CH2)2COOH CH3(CH2)2COOH MSEa MUEb RMSEc
exptd -7.3 n/ae n/a n/a -6.5 n/a -6.4
IEFPCM-UFF
  AM1 -5.7 [1.6] (-1.2) -6.8 -6.8 -7.5 -6.1 [-0.4] (0.3) -6.7 -7.1 [-0.7] (0.5) [0.4] (-0.3) [0.9] (0.7) [1.0] (0.7)
  PM3 -5.9 [1.4] (-1.0) -6.9 -6.7 -7.5 -4.1 [2.4] (-1.8) -6.6 -5.1 [1.3] (-1.0) [1.7] (-1.3) [1.7] (1.3) [1.8] (1.3)
  PM6 -6.1 [1.2] (-0.9) -7.6 -7.5 -10.6 -6.9 [-0.4] (0.3) -7.4 -6.9 [-0.5] (0.4) [0.1] (-0.1) [0.7] (0.5) [0.8] (0.6)
  PDDG -6.0 [1.3] (-1.0) -7.5 -7.4 -8.0 -6.0 [0.5] (-0.4) -6.8 -5.8 [0.6] (-0.4) [0.8] (-0.6) [0.8] (0.6) [0.9] (0.7)
  HF/6-311++G(d,p) -7.8 [-0.5] (0.4) -9.6 -9.9 -9.8 -7.5 [-1.0] (0.7) -8.9 -7.5 [-1.1] (0.8) [-0.9] (0.7) [0.9] (0.7) [0.9] (0.7)
  B3LYP/6-311++G(d,p) -7.1 [0.2] (-0.1) -8.6 -8.8 -8.8 -6.7 [-0.2] (0.1) -8.0 -6.6 [-0.2] (0.1) [-0.1] (0.1) [0.2] (0.1) [0.2] (0.1)
  B3LYP/aug-cc-pVDZ -6.6 [0.7] (-0.5) -8.0 -8.4 -8.3 -6.4 [0.1] (-0.1) -7.6 -6.4 [0.0] (0.0) [0.2] (-0.1) [0.2] (0.1) [0.4] (0.3)
  B3LYP/6-311++G(3df,2p) -6.7 [0.6] (-0.4) -8.0 -8.3 -8.3 -6.5 [0.0] (0.0) -7.5 -6.4 [0.0] (0.0) [0.2] (-0.1) [0.2] (0.1) [0.4] (0.3)
  M062X/6-311++G(d,p) -7.2 [0.1] (-0.1) -8.8 -8.9 -9.0 -6.9 [-0.4] (0.3) -8.0 -6.9 [-0.5] (0.4) [-0.2] (0.1) [0.3] (0.2) [0.4] (0.3)
  B97D/6-311++G(d,p) -6.8 [0.5] (-0.4) -8.1 -8.4 -8.3 -6.4 [0.1] (-0.1) -7.6 -6.4 [0.0] (0.0) [0.2] (-0.1) [0.2] (0.1) [0.3] (0.2)
  CBS-4M -6.6 [0.7] (-0.5) -7.9 -8.3 -8.1 -6.4 [0.1] (-0.1) -7.4 -6.4 [0.0] (0.0) [0.2] (-0.1) [0.3] (0.2) [0.4] (0.3)
  CBS-Q//B3 -6.5 [0.8] (-0.6) -7.9 -8.1 -8.0 -6.3 [0.2] (-0.1) -7.2 -6.2 [0.2] (-0.1) [0.4] (-0.3) [0.4] (0.3) [0.5] (0.4)
  CBS-APNO -6.3 [1.0] (-0.7) -7.6 -7.9 -7.9 -6.2 [0.3] (-0.2) -7.1 -6.1 [0.3] (-0.2) [0.5] (-0.4) [0.5] (0.4) [0.6] (0.4)
  G4MP2 -6.3 [1.0] (-0.7) -7.6 -7.9 -7.7 -6.2 [0.3] (-0.2) -7.0 -6.1 [0.3] (-0.2) [0.6] (-0.4) [0.6] (0.4) [0.7] (0.5)
  G4 -6.3 [1.0] (-0.7) -7.5 -7.9 -7.7 -6.2 [0.3] (-0.2) -7.0 -6.1 [0.3] (-0.2) [0.6] (-0.4) [0.6] (0.4) [0.6] (0.4)
CPCM-UFF
  AM1 -5.7 [1.6] (-1.2) -6.9 -6.9 -7.5 -6.2 [0.3] (-0.2) -6.7 -6.9 [-0.5] (0.4) [0.5] (-0.4) [0.8] (0.6) [1.0] (0.7)
  PM3 -5.9 [1.4] (-1.0) -6.9 -6.8 -7.5 -3.9 [2.6] (-1.9) -6.6 -5.2 [1.2] (-0.9) [1.7] (-1.3) [1.7] (1.3) [1.8] (1.3)
  PM6 -6.2 [1.1] (-0.8) -7.6 -7.6 -10.7 -7.0 [-0.5] (0.4) -7.5 -7.3 [-0.9] (0.7) [-0.1] (0.1) [0.8] (0.6) [0.9] (0.7)
  PDDG -6.0 [1.3] (-1.0) -7.6 -7.5 -8.0 -6.1 [0.4] (-0.3) -6.8 -5.8 [0.6] (-0.4) [0.8] (-0.6) [0.8] (0.6) [0.9] (0.7)
  HF/6-311++G(d,p) -7.8 [-0.5] (0.4) -9.7 -10.0 -9.9 -7.6 [-1.1] (0.8) -8.9 -7.5 [-1.1] (0.8) [-0.9] (0.7) [0.9] (0.7) [0.9] (0.7)
  B3LYP/6-311++G(d,p) -7.1 [0.2] (-0.1) -8.6 -8.9 -8.8 -6.7 [-0.2] (0.1) -8.0 -6.7 [-0.3] (0.2) [-0.1] (0.1) [0.2] (0.1) [0.2] (0.1)
  B3LYP/aug-cc-pVDZ -6.7 [0.6] (-0.4) -8.1 -8.4 -8.4 -6.5 [0.0] (0.0) -7.6 -6.4 [0.0] (0.0) [0.2] (-0.1) [0.2] (0.1) [0.4] (0.3)
  B3LYP/6-311++G(3df,2p) -6.7 [0.6] (-0.4) -8.1 -8.4 -8.3 -6.5 [0.0] (0.0) -7.6 -6.5 [-0.1] (0.1) [0.2] (-0.1) [0.2] (0.1) [0.3] (0.2)
  M062X/6-311++G(d,p) -7.2 [0.1] (-0.1) -8.9 -9.0 -9.1 -6.9 [-0.4] (0.3) -8.0 -6.9 [-0.5] (0.4) [-0.3] (0.2) [0.3] (0.2) [0.4] (0.3)
  B97D/6-311++G(d,p) -6.9 [0.4] (-0.3) -8.1 -8.4 -8.4 -6.4 [0.1] (-0.1) -7.7 -6.4 [0.0] (0.0) [0.2] (-0.1) [0.2] (0.1) [0.2] (0.1)
  CBS-4M -6.6 [0.7] (-0.5) -7.9 -8.3 -8.2 -6.5 [0.0] (0.0) -7.4 -6.5 [-0.1] (0.1) [0.2] (-0.1) [0.2] (0.1) [0.4] (0.3)
  CBS-Q//B3 -6.5 [0.8] (-0.6) -7.9 -8.1 -8.1 -6.3 [0.2] (-0.1) -7.2 -6.3 [0.1] (-0.1) [0.4] (-0.3) [0.4] (0.3) [0.5] (0.4)
  CBS-APNO -6.4 [0.9] (-0.7) -7.6 -8.0 -7.9 -6.2 [0.3] (-0.2) -7.1 -6.2 [0.2] (-0.1) [0.5] (-0.4) [0.5] (0.4) [0.6] (0.4)
  G4MP2 -6.3 [1.0] (-0.7) -7.6 -7.9 -7.7 -6.2 [0.3] (-0.2) -7.1 -6.2 [0.2] (-0.1) [0.5] (-0.4) [0.5] (0.4) [0.6] (0.4)
  G4 -6.3 [1.0] (-0.7) -7.6 -7.9 -7.7 -6.2 [0.3] (-0.2) -7.1 -6.1 [0.3] (-0.2) [0.5] (-0.4) [0.5] (0.4) [0.6] (0.4)
CPCM-UAHF
  AM1 -11.0 [-3.7] (2.7) -14.7 -13.0 -16.0 -10.7 [-4.2] (3.1) -12.9 -11.2 [-4.8] (3.5) [-4.2] (3.1) [4.2] (3.1) [4.3] (3.2)
  PM3 -11.8 [-4.5] (3.3) -13.0 -11.6 -14.0 -7.4 [-0.9] (0.7) -13.3 -9.5 [-3.1] (2.3) [-2.8] (2.1) [2.8] (2.1) [3.2] (2.4)
  PM6 n/cf n/c n/c n/c n/c n/c n/c n/c n/c n/c
  PDDG -12.5 [-5.2] (7.1) -15.0 -13.3 -15.4 -10.9 [-4.4] (3.2) -14.6 -10.5 [-4.1] (3.0) [-4.6] (3.4) [4.6] (3.4) [4.6] (3.4)
  HF/6-311++G(d,p) -20.7 [-13.4] (9.8) -24.2 -23.2 -25.9 -19.2 [-12.7] (9.3) -27.9 -19.4 [-13.0] (9.6) [-13.0] (9.6) [13.0] (9.6) [13.1] (9.6)
  B3LYP/6-311++G(d,p) -19.2 [-11.9] (8.8) -24.0 -22.9 -25.8 -19.2 [-12.7] (9.3) -28.4 -19.4 [-13.0] (9.6) [-12.6] (9.3) [12.6] (9.3) [12.6] (9.3)
  B3LYP/aug-cc-pVDZ -20.0 [-12.7] (9.4) -23.0 -22.0 -24.8 -18.6 [-12.1] (8.9) -27.5 -18.9 [-12.5] (9.2) [-12.4] (9.1) [12.4] (9.1) [12.4] (9.1)
  B3LYP/6-311++G(3df,2p) -19.8 [-12.5] (9.2) -22.7 -21.8 -24.5 -18.5 [-12.0] (8.8) -27.0 -18.8 [-12.4] (9.1) [-12.3] (9.0) [12.3] (9.0) [12.3] (9.0)
  M062X/6-311++G(d,p) -21.1 [-13.8] (10.1) -24.6 -23.1 -26.2 -19.5 [-13.0] (9.6) -28.4 -19.7 [-13.3] (9.8) [-13.4] (9.9) [13.4] (9.9) [13.4] (9.9)
  B97D/6-311++G(d,p) -20.4 [-13.1] (9.6) -23.1 -22.2 -25.1 -18.8 [-12.3] (9.0) -28.0 -19.1 [-12.7] (9.3) [-12.7] (9.3) [12.7] (9.3) [12.7] (9.3)
  CBS-Q//B3 -17.6 [-10.3] (7.6) -22.2 -21.3 -23.9 -18.1 [-11.6] (8.5) -26.3 -18.4 [-12.0] (8.8) [-11.3] (8.3) [11.3] (8.3) [11.3] (8.3)
CPCM-UAKS
  AM1 -11.4 [-4.1] (3.0) -15.2 -13.7 -15.6 -11.4 [-4.9] (3.6) -13.6 -12.5 [-6.1] (4.5) [-5.1] (3.8) [5.1] (3.8) [5.1] (3.8)
  PM3 -12.4 [-5.1] (3.8) -13.6 -12.3 -14.5 -8.4 [-1.9] (1.4) -13.8 -10.4 [-4.0] (2.9) [-3.7] (2.7) [3.7] (2.7) [3.9] (2.9)
  PM6 n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c
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  PDDG -12.8 [-5.5] (4.0) -15.7 -14.0 -16.1 -11.8 [-5.3] (3.9) -15.3 -11.3 [-4.9] (3.6) [-5.2] (3.8) [5.2] (3.8) [5.2] (3.8)
  HF/6-311++G(d,p) -20.8 [-13.5] (9.9) -24.6 -23.7 -26.4 -19.9 [-13.4] (9.9) -28.4 -20.1 [-13.7] (10.1) [-13.5] (9.9) [13.5] (9.9) [13.5] (9.9)
  B3LYP/6-311++G(d,p) -21.2 [-13.9] (10.2) -24.3 -23.3 -26.0 -19.7 [-13.2] (9.7) -28.8 -20.0 [-13.6] (10.0) [-13.5] (9.9) [13.5] (9.9) [13.6] (10.0)
  B3LYP/aug-cc-pVDZ -20.0 [-12.7] (9.4) -23.4 -22.4 -25.1 -19.1 [-12.6] (9.3) -27.9 -19.4 [-13.0] (9.6) [-12.7] (9.3) [12.7] (9.3) [12.7] (9.3)
  B3LYP/6-311++G(3df,2p) -19.9 [-12.6] (9.3) -23.1 -22.2 -24.8 -19.0 [-12.5] (9.2) -27.4 -19.3 [-12.9] (9.5) [-12.7] (9.3) [12.7] (9.3) [12.7] (9.3)
  M062X/6-311++G(d,p) -21.1 [-13.8] (10.1) -24.8 -23.5 -26.6 -20.0 [-13.5] (9.9) -28.9 -20.3 [-13.9] (10.2) [-13.7] (10.1) [13.7] (10.1) [13.7] (10.1)
  B97D/6-311++G(d,p) -20.3 [-13.0] (9.6) -23.4 -22.6 -25.3 -19.2 [-12.7] (9.3) -28.3 -19.6  [-13.2] (9.7) [-13.0] (9.6) [13.0] (9.6) [13.0] (9.6)
  CBS-Q//B3 -19.4 [-12.1] (8.9) -22.4 -21.6 -24.2 -18.6 [-12.1] (8.9) -26.7 -18.9 [-12.5] (9.2) [-12.2] (9.0) [12.2] (9.0) [12.2] (9.0)
SMD
  AM1 -4.9 [2.4] (-1.8) -8.2 -8.4 -7.1 -6.6 [-0.1] (0.1) -4.9 -6.1 [0.3] (-0.2) [0.9] (-0.7) [1.0] (0.7) [1.4] (1.0)
  PM3 -5.2 [2.1] (-1.5) -7.5 -7.8 -7.2 -4.0 [2.5] (-1.8) -5.5 -4.9 [1.5] (-1.1) [2.0] (-1.5) [2.0] (1.5) [2.1] (1.5)
  PM6 -6.2 [1.1] (-0.8) -9.7 -10.2 -11.9 -9.8 [-3.3] (2.4) -9.1 -9.2 [-2.8] (2.1) [-1.7] (1.3) [2.4] (1.8) [2.6] (1.9)
  PDDG -5.4 [1.9] (-1.4) -8.5 -9.0 -8.5 -6.7 [-0.2] (0.1) -6.9 -6.1 [0.3] (-0.2) [0.7] (-0.5) [0.8] (0.6) [1.1] (0.8)
  HF/6-311++G(d,p) -8.7 [-1.4] (1.0) -12.2 -13.4 -12.5 -10.1 [-3.6] (2.6) -11.3 -10.2 [-3.8] (2.8) [-2.9] (2.1) [2.9] (2.1) [3.1] (2.3)
  B3LYP/6-311++G(d,p) -7.2 [0.1] (-0.1) -10.0 -11.5 -10.4 -8.5 [-2.0] (1.5) -8.8 -8.2 [-1.8] (1.3) [-1.2] (0.9) [1.3] (1.0) [1.6] (1.2)
  B3LYP/aug-cc-pVDZ -6.4 [0.9] (-0.7) -9.3 -10.6 -9.5 -7.9 [-1.4] (1.0) -7.5 -8.0 [-1.6] (1.2) [-0.7] (0.5) [1.3] (1.0) [1.3] (1.0)
  B3LYP/6-311++G(3df,2p) -6.5 [0.8] (-0.6) -9.2 -10.5 -9.5 -7.9 [-1.4] (1.0) -8.8 -7.8 [-1.4] (1.0) [-0.7] (0.5) [1.2] (0.9) [1.3] (1.0)
  M062X/6-311++G(d,p) -7.5 [-0.2] (0.1) -10.5 -11.5 -11.0 -8.8 [-2.3] (1.7) -9.1 -10.1 [-3.7] (2.7) [-2.1] (1.5) [2.1] (1.5) [2.5] (1.8)
  B97D/6-311++G(d,p) -6.8 [0.5] (-0.4) -9.2 -10.7 -9.6 -8.0 [-1.5] (1.1) -7.6 -7.9 [-1.5] (1.1) [-0.9] (0.7) [1.2] (0.9) [1.3] (1.0)
  CBS-4M -6.5 [0.8] (-0.6) -9.1 -10.2 -9.3 -7.8 [-1.3] (1.0) -8.2 -7.4 [-1.0] (0.7) [-0.5] (0.4) [1.0] (0.7) [1.0] (0.7)
  CBS-Q//B3 -6.0 [1.3] (-1.0) -8.6 -10.1 -9.0 -7.5 [-1.0] (0.7) -7.3 -7.6 [-1.2] (0.9) [-0.3] (0.2) [1.2] (0.9) [1.2] (0.9)
  CBS-APNO -5.9 [1.4] (-1.0) -8.6 -9.7 -8.8 -7.4 [-0.9] (0.7) -6.6 -8.0 [-1.6] (1.2) [-0.3] (0.2) [1.3] (1.0) [1.3] (1.0)
  G4MP2 -5.7 [1.6] (-1.2) -8.2 -9.7 -8.4 -7.1 [-0.6] (0.4) -6.6 -7.1 [-0.7] (0.5) [0.1] (-0.1) [1.0] (0.7) [1.1] (0.8)
  G4 -5.7 [1.6] (-1.2) -8.2 -9.7 -8.4 -7.2 [-0.7] (0.5) -6.6 -7.1 [-0.7] (0.5) [0.1] (-0.1) [1.0] (0.7) [1.1] (0.8)
a mean signed error between calculated and experimental values. b mean unsigned error between calculated and experimental values. c root mean squared error between calculated and 
experimental values. d  experimental values from ref. [6-8]. e not available. f converged geometry not obtained.
S6
N
at
ur
e 
Pr
ec
ed
in
gs
 : 
do
i:1
0.
10
38
/n
pr
e.
20
10
.3
82
9.
2 
: P
os
te
d 
5 
Fe
b 
20
10
Table S5. Comparison between available experimental standard state (1 mol/L; 298.15 K) solvation free energies (ΔG*solv) and calculated values using various levels of semiempirical, 
Hartree-Fock ab initio, DFT, CBS, and G4 theory with the IEFPCM-UFF, CPCM-UFF, CPCM-UAHF, CPCM-UAKS, and SMD solvation models for the dissociated (anionic) forms of the 7 
polyfluorinated and perhydrogenated alkylcarboxylic acids used by Goss [1, 2] in his analogy concept approach towards estimating the pKa values of longer chain PFCAs. Values are in 
kcal/mol. Errors are in kcal/mol (brackets) and pKa units (parentheses).
CF3COO- CHF2COO- CH2FCOO- CF3CH2COO- CH3CH2COO- CF3(CH2)2COO- CH3(CH2)2COO-
expta -59.3 n/ab n/a n/a -76.2 n/a n/a
IEFPCM-UFF
  AM1 -58.4 [0.9] (0.7) -64.0 -67.6 -63.7 -69.3 [6.9] (5.1) -62.6 -69.8
  PM3 -58.1 [1.2] (0.9) -65.0 -69.9 -64.1 -68.5 [7.7] (5.7) -63.1 -70.3
  PM6 -60.4 [-1.1] (-0.8) -63.6 -69.9 -64.8 -75.8 [0.4] (0.3) -63.2 -72.5
  PDDG -57.7 [1.6] (1.2) -64.4 -68.9 -64.1 -72.3 [3.9] (2.9) -63.2 -71.3
  HF/6-311++G(d,p) -58.6 [0.7] (0.5) -62.5 -67.4 -63.5 -67.3 [8.9] (6.5) -62.6 -67.3
  B3LYP/6-311++G(d,p) -58.1 [1.2] (0.9) -61.6 -64.8 -59.4 -65.8 [10.4] (7.6) -59.9 -66.2
  B3LYP/aug-cc-pVDZ -57.9 [1.4] (1.0) -59.5 -64.1 -59.0 -64.9 [11.3] (8.3) -59.0 -64.7
  B3LYP/6-311++G(3df,2p) -57.1 [2.2] (1.6) -59.8 -64.4 -59.2 -64.2 [12.0] (8.8) -59.2 -64.9
  M062X/6-311++G(d,p) -58.9 [0.4] (0.3) -62.3 -65.6 -61.5 -66.4 [9.8] (7.2) -60.7 -65.8
  B97D/6-311++G(d,p) -57.6 [1.7] (1.3) -60.9 -63.7 -58.2 -71.3 [4.9] (3.6) -58.9 -64.0
  CBS-4M -58.8 [0.5] (0.4) -61.8 -64.9 -61.0 -66.9 [9.3] (6.8) -60.4 -66.3
  CBS-Q//B3 -58.9 [0.4] (0.3) -60.9 -64.9 -59.8 -66.9 [9.3] (6.8) -60.2 -64.7
  CBS-APNO -57.3 [2.0] (1.5) -60.7 -64.4 -60.9 -64.6 [11.6] (8.5) -60.0 -65.0
  G4MP2 -58.5 [0.8] (0.6) -61.4 -64.4 -59.2 -65.5 [10.7] (7.9) -59.8 -64.4
  G4 -58.5 [0.8] (0.6) -61.4 -64.3 -59.2 -65.4 [10.8] (7.9) -59.8 -64.4
CPCM-UFF
  AM1 -58.3 [1.0] (0.7) -64.3 -68.0 -63.2 -72.8 [3.4] (2.5) -62.8 -69.9
  PM3 -58.1 [1.2] (0.9) -64.5 -70.1 -64.1 -68.5 [7.7] (5.7) -63.3 -70.5
  PM6 -60.4 [-1.1] (-0.8) -63.6 -70.0 -65.4 -74.6 [1.6] (1.2) -63.2 -72.0
  PDDG -57.7 [1.6] (1.2) -65.3 -68.4 -64.1 -72.3 [3.9] (2.9) -64.0 -70.4
  HF/6-311++G(d,p) -60.5 [-1.2] (-0.9) -62.6 -67.4 -63.5 -67.4 [8.8] (6.5) -62.6 -67.5
  B3LYP/6-311++G(d,p) -56.8 [2.5] (1.8) -61.6 -64.9 -61.8 -67.2 [9.0] (6.6) -60.1 -65.4
  B3LYP/aug-cc-pVDZ -58.8 [0.5] (0.4) -59.6 -64.2 -59.0 -64.9 [11.3] (8.3) -59.1 -64.7
  B3LYP/6-311++G(3df,2p) -59.2 [0.1] (0.1) -59.9 -64.5 -61.1 -65.0 [11.2] (8.2) -59.4 -64.9
  M062X/6-311++G(d,p) -59.0 [0.3] (0.2) -62.3 -65.7 -61.5 -66.5 [9.7] (7.1) -60.8 -65.8
  B97D/6-311++G(d,p) -58.3 [1.0] (0.7) -59.3 -63.8 -58.2 -65.7 [10.5] (7.7) -59.0 -64.1
  CBS-4M -58.7 [0.6] (0.4) -62.0 -65.0 -61.1 -66.9 [9.3] (6.8) -60.2 -65.8
  CBS-Q//B3 -57.5 [1.8] (1.3) -62.2 -64.9 -59.9 -66.1 [10.1] (7.4) -60.4 -64.8
  CBS-APNO -58.8 [0.5] (0.4) -60.7 -64.5 -60.8 -64.7 [11.5] (8.5) -59.9 -65.0
  G4MP2 -57.2 [2.1] (1.5) -61.5 -64.4 -59.2 -65.5 [10.7] (7.9) -60.0 -64.4
  G4 -57.2 [2.1] (1.5) -61.4 -64.4 -59.2 -65.5 [10.7] (7.9) -59.9 -64.4
CPCM-UAHF
  AM1 -72.0 [-12.7] (-9.3) -79.0 -86.4 -81.0 -92.0 [-15.8] (-11.6) -83.3 -91.3
  PM3 -72.3 [-13.0] (-9.6) -80.5 -89.3 -84.6 -91.9 [-15.7] (-11.5) -84.9 -91.2
  PM6 -74.6 [-15.3] (-11.3) -83.4 -91.4 -87.7 -96.3 [-20.1] (-14.8) -87.4 -98.0
  PDDG -71.3 [-12.0] (-8.8) -84.0 -88.4 -83.0 -94.8 [-18.6] (-13.7) -85.7 -92.7
  HF/6-311++G(d,p) -67.9 [-8.6] (-6.3) -77.0 -81.1 -78.8 -82.6 [-6.4] (-4.7) -81.5 -81.4
  B3LYP/6-311++G(d,p) -65.7 [-6.4] (-4.7) -73.2 -75.8 -73.6 -78.6 [-2.4] (-1.8) -77.3 -78.7
  B3LYP/aug-cc-pVDZ -64.9 [-5.6] (-4.1) -70.6 -74.6 -72.7 -76.1 [0.1] (0.1) -75.6 -77.4
  B3LYP/6-311++G(3df,2p) -65.7 [-6.4] (-4.7) -71.1 -75.1 -72.9 -76.2 [0.0] (0.0) -75.5 -77.7
  M062X/6-311++G(d,p) -66.5 [-7.2] (-5.3) -74.8 -77.5 -75.2 -79.0 [-2.8] (-2.1) -80.0 -78.8
  B97D/6-311++G(d,p) -64.3 [-5.0] (-3.7) -68.7 -74.2 -70.5 -77.0 [-0.8] (-0.6) -76.3 -76.8
  CBS-Q//B3 -66.0 [-6.7] (-4.9) -72.4 -75.7 -72.3 -78.5 [2.3] (1.7) -77.6 -77.8
CPCM-UAKS
  AM1 -72.0 [-12.7] (-9.3) -79.0 -86.4 -81.0 -92.0 [-15.8] (-11.6) -83.3 -91.3
  PM3 -72.3 [-13.0] (-9.6) -80.5 -89.3 -84.6 -91.9 [-15.7] (-11.5) -84.9 -91.2
  PM6 -74.6 [-15.3] (-11.3) -83.4 -91.4 -87.7 -96.3 [-20.1] (-14.8) -87.4 -98.0
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  PDDG -71.3 [-12.0] (-8.8) -84.0 -88.4 -83.0 -94.8 [-18.6](-13.7) -85.7 -90.7
  HF/6-311++G(d,p) -67.9 [-8.6] (-6.3) -77.0 -81.1 -78.8 -82.6 [-6.4] (-4.7) -81.5 -81.4
  B3LYP/6-311++G(d,p) -65.7 [-6.4] (-4.7) -73.2 -75.8 -73.6 -78.6 [-2.4] (-1.8) -77.3 -78.7
  B3LYP/aug-cc-pVDZ -64.9 [-5.6] (-4.1) -70.6 -74.6 -72.7 -76.1 [0.1] (0.1) -75.6 -77.4
  B3LYP/6-311++G(3df,2p) -65.7 [-6.4] (-4.7) -71.1 -75.1 -72.9 -76.2 [0.0] (0.0) -75.5 -77.7
  M062X/6-311++G(d,p) -66.5 [-7.2] (-5.3) -74.8 -77.5 -75.2 -79.0 [-2.8] (-2.1) -80.0 -78.8
  B97D/6-311++G(d,p) -64.3 [-5.0] (-3.7) -68.7 -74.2 -70.5 -77.0 [-0.8] (-0.6) -76.3 -76.8
  CBS-Q//B3 -66.0 [-6.7] (-4.9) -72.5 -75.7 -72.3 -78.5 [2.3] (1.7) -77.6 -77.8
SMD
  AM1 -63.7 [-4.4] (-3.2) -71.8 -79.8 -72.7 -83.9 [-7.7] (-5.7) -74.9 -85.3
  PM3 -66.0 [-6.7] (-4.9) -73.3 -82.2 -75.7 -83.7 [-7.5] (-5.5) -78.0 -84.4
  PM6 -66.8 [-7.5] (-5.5) -74.7 -84.3 -76.7 -90.2 [-14.0] (-10.3) -77.5 -90.9
  PDDG -64.9 [-5.6] (-4.1) -74.7 -81.8 -75.4 -88.4 [-12.2] (-9.0) -78.0 -84.9
  HF/6-311++G(d,p) -62.6 [-3.3] (-2.4) -67.9 -74.9 -69.9 -76.5 [-0.3] (-0.2) -68.6 -74.5
  B3LYP/6-311++G(d,p) -58.8 [0.5] (0.4) -64.7 -70.0 -64.5 -72.7 [3.5] (2.6) -63.4 -71.7
  B3LYP/aug-cc-pVDZ -58.4 [0.9] (0.7) -63.5 -68.9 -63.9 -70.3 [5.9] (4.3) -61.7 -70.8
  B3LYP/6-311++G(3df,2p) -58.9 [0.4] (0.3) -62.7 -69.3 -64.1 -70.5 [5.7] (4.2) -61.9 -71.1
  M062X/6-311++G(d,p) -62.0 [-2.7] (-2.0) -67.2 -71.5 -66.3 -73.1 [3.1] (2.3) -66.0 -73.3
  B97D/6-311++G(d,p) -57.8 [1.5] (1.1) -62.9 -68.5 -62.7 -71.3 [4.9] (3.6) -61.7 -69.2
  CBS-4M -59.2 [0.1] (0.1) -65.4 -69.9 -66.4 -73.2 [3.0] (2.2) -63.6 -70.7
  CBS-Q//B3 -59.5 [0.2] (0.1) -65.4 -69.9 -65.3 -72.6 [3.6] (2.6) -63.6 -71.0
  CBS-APNO -59.1 [0.2] (0.1) -63.8 -69.2 -64.5 -71.1 [5.1] (3.8) -62.5 -69.6
  G4MP2 -58.7 [0.6] (0.4) -65.8 -68.9 -62.6 -71.7 [4.5] (3.3) -63.7 -70.2
  G4 -58.7 [0.6] (0.4) -65.9 -68.9 -62.6 -71.7 [4.5] (3.3) -63.7 -70.2
a experimental values from ref. [7]. b not available.
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Table S6. Comparison between experimental standard state (1 mol/L; 298.15 K) aqueous phase acid dissociation free energies (ΔG°D,aq) and calculated values using various levels of 
semiempirical, Hartree-Fock ab initio, DFT, CBS, and G4 theory with the IEFPCM-UFF, CPCM-UFF, CPCM-UAHF, CPCM-UAKS, and SMD solvation models for the 7 polyfluorinated and 
perhydrogenated alkylcarboxylic acids used by Goss [1, 2] in his analogy concept approach towards estimating the pKa values of longer chain PFCAs. Values are in kcal/mol. Errors are in 
kcal/mol (brackets) and pKa units (parentheses).
CF3COOH CHF2COOH CH2FCOOH CF3CH2COOH CH3CH2COOH CF3(CH2)2COOH CH3(CH2)2COOH
expt pKa 0.3 1.2 2.7 3.0 4.9 4.2 4.8
expt ΔG°D,aq a 0.4 1.6 3.7 4.1 6.7 5.7 6.5
IEFPCM-UFF
  HF/6-311++G(d,p) 4.2 [3.8] (2.8) 9.8 [8.2] (6.0) 13.7 [10.0] (7.3) 13.3 [9.2] (6.8) 21.4 [14.7] (10.8) 17.0 [11.3] (8.3) 20.2 [13.6] (10.0)
  B3LYP/6-311++G(d,p) -3.3 [-3.7] (-2.7) 3.1 [1.4] (1.0) 6.9 [3.3] (2.4) 8.2 [4.1] (3.0) 15.3 [8.7] (6.3) 10.9 [5.2] (3.8) 14.7 [8.1] (6.0)
  B3LYP/aug-cc-pVDZ -2.3 [-2.7] (-2.0) 3.6 [1.9] (1.4) 7.5 [3.8] (2.8) 8.9 [4.8] (3.5) 14.6 [7.9] (5.8) 11.2 [5.5] (4.0) 15.9 [9.3] (6.8)
  B3LYP/6-311++G(3df,2p) -0.1 [-0.6] (-0.4) 4.5 [2.9] (2.1) 8.3 [4.6] (3.4) 9.6 [5.5] (4.0) 16.1 [9.4] (6.9) 11.9 [6.2] (4.5) 16.6 [10.0] (7.3)
  M062X/6-311++G(d,p) -2.0 [-2.4] (-1.7) 3.7 [2.1] (1.5) 7.6 [3.9] (2.8) 7.0 [2.9] (2.1) 14.7 [8.0] (5.9) 12.2 [6.5] (4.7) 14.8 [8.3] (6.1)
  B97D/6-311++G(d,p) -0.8 [-1.2] (-0.9) 3.5 [1.9] (1.4) 9.0 [5.4] (3.9) 10.6 [6.5] (4.8) 16.7 [10.1] (7.4) 13.5 [7.7] (5.7) 17.0 [10.5] (7.7)
  CBS-4M -1.5 [-1.9] (-1.4) 3.3 [1.7] (1.2) 8.1 [4.4] (3.2) 9.1 [5.0] (3.7) 15.7 [9.0] (6.6) 11.8 [6.1] (4.5) 14.4 [7.8] (5.8)
  CBS-Q//B3 -0.7 [-1.1] (-0.8) 5.2 [3.5] (2.6) 8.7 [5.1] (3.7) 10.1 [6.0] (4.4) 15.4 [8.7] (6.4) 12.8 [7.1] (5.2) 16.5 [10.0] (7.3)
  CBS-APNO 0.6 [0.2] (0.2) 5.2 [3.5] (2.6) 9.2 [5.5] (4.1) 8.9 [4.8] (3.5) 16.8 [10.2] (7.4) 11.8 [6.1] (4.5) 15.7 [9.1] (6.7)
  G4MP2 0.7 [0.3] (0.2) 6.4 [4.7] (3.5) 10.0 [6.3] (4.6) 11.5 [7.5] (5.5) 17.6 [10.9] (8.0) 14.3 [8.6] (6.3) 17.9 [11.3] (8.3)
  G4 0.2 [-0.2] (-0.2) 5.8 [4.2] (3.1) 9.4 [5.7] (4.2) 11.0 [6.9] (5.1) 17.2 [10.5] (7.7) 13.9 [8.2] (6.0) 17.4 [10.9] (8.0)
CPCM-UFF
  HF/6-311++G(d,p) 2.4 [1.9] (1.4) 9.8 [8.2] (6.0) 13.7 [10.0] (7.3) 13.4 [9.3] (6.8) 21.4 [14.7] (10.8) 17.1 [11.3] (8.3) 20.1 [13.6] (10.0)
  B3LYP/6-311++G(d,p) -1.9 [-2.3] (-1.7) 3.1 [1.4] (1.1) 6.9 [3.2] (2.4) 5.8 [1.7] (1.2) 14.0 [7.3] (5.4) 10.8 [5.1] (3.7) 15.4 [8.9] (6.5)
  B3LYP/aug-cc-pVDZ -3.1 [-3.5] (-2.6) 3.6 [1.9] (1.4) 7.4 [3.7] (2.7) 8.9 [4.8] (3.5) 14.6 [7.9] (5.8) 11.2 [5.4] (4.0) 15.8 [9.3] (6.8)
  B3LYP/6-311++G(3df,2p) -2.2 [-2.6] (-1.9) 4.5 [2.9] (2.1) 8.3 [4.6] (3.4) 7.8 [3.7] (2.7) 15.3 [8.6] (6.3) 11.8 [6.1] (4.5) 16.5 [10.0] (7.3)
  M062X/6-311++G(d,p) -2.0 [-2.4] (-1.7) 3.7 [2.1] (1.5) 7.5 [3.9] (2.8) 7.1 [3.0] (2.2) 14.7 [8.0] (5.8) 12.1 [6.4] (4.7) 14.8 [8.2] (6.0)
  B97D/6-311++G(d,p) -1.5 [-1.9] (-1.4) 5.2 [3.5] (2.6) 9.0 [5.3] (3.9) 10.6 [6.5] (4.8) 16.6 [9.9] (7.3) 13.4 [7.7] (5.6) 17.0 [10.4] (7.6)
  CBS-4M -1.4 [-1.8] [-1.3] 3.2 [1.6] (1.2) 8.0 [4.4] (3.2) 9.1 [5.0] (3.7) 15.7 [9.0] (6.6) 12.0 [6.3] (4.6) 15.0 [8.4] (6.2)
  CBS-Q//B3 0.7 [0.3] (0.2) 3.9 [2.3] (1.7) 8.7 [5.0] (3.7) 10.1 [6.0] (4.4) 16.1 [9.4] (6.9) 12.7 [7.0] (5.1) 16.5 [10.0] (7.3)
  CBS-APNO -0.9 [-1.3] (-0.9) 5.2 [3.5] (2.6) 9.2 [5.5] (4.1) 8.9 [4.9] (3.6) 16.8 [10.1] (7.4) 11.9 [6.2] (4.5) 15.7 [9.1] (6.7)
  G4MP2 2.0 [1.5] (1.1) 6.3 [4.7] (3.5) 9.9 [6.3] (4.6) 11.5 [7.4] (5.5) 17.6 [10.9] (8.0) 14.2 [8.5] (6.2) 17.8 [11.3] (8.3)
  G4 1.5 [1.1] (0.8) 5.8 [4.2] (3.1) 9.4 [5.7] (4.2) 11.0 [6.9] (5.1) 17.2 [10.5] (7.7) 13.8 [8.1] (5.9) 17.4 [10.9] (8.0)
CPCM-UAHF
  HF/6-311++G(d,p) 7.7 [7.3] (5.4) 10.0 [8.3] (6.1) 13.2 [9.6] (7.0) 14.0 [9.9] (7.3) 17.9 [11.2] (8.2) 17.1 [11.4] (8.4) 18.1 [11.6] (8.5)
  B3LYP/6-311++G(d,p) 1.3 [0.9] (0.6) 6.8 [5.2] (3.8) 10.0 [6.3] (4.6) 11.0 [6.9] (5.1) 15.1 [8.4] (6.2) 14.0 [8.2] (6.0) 14.9 [8.4] (6.2)
  B3LYP/aug-cc-pVDZ 4.0 [3.6] (2.7) 7.4 [5.8] (4.2) 10.6 [6.9] (5.0) 11.6 [7.5] (5.5) 15.6 [9.0] (6.6) 14.6 [8.8] (6.5) 15.6 [9.1] (6.6)
  B3LYP/6-311++G(3df,2p) 4.4 [4.0] (2.9) 7.9 [6.3] (4.6) 11.1 [7.4] (5.4) 12.1 [8.0] (5.9) 16.1 [9.4] (6.9) 15.1 [9.4] (6.9) 16.1 [9.5] (7.0)
  M062X/6-311++G(d,p) 4.3 [3.9] (2.9) 6.9 [5.3] (3.9) 9.8 [6.1] (4.5) 10.5 [6.4] (4.7) 14.7 [8.0] (5.9) 13.3 [7.6] (5.5) 14.6 [8.1] (5.9)
  B97D/6-311++G(d,p) 6.0 [5.6] (4.1) 10.7 [9.0] (6.6) 12.4 [8.8] (6.4) 15.1 [11.0] (8.0) 17.7 [11.0] (8.1) 16.5 [10.8] (7.9) 16.9 [10.4] (7.6)
  CBS-Q//B3 3.3 [2.9] (2.1) 7.9 [6.3] (4.6) 11.1 [7.4] (5.4) 13.5 [9.4] (6.9) 15.6 [8.9] (6.5) 14.6 [8.9] (6.5) 15.6 [9.0] (6.6)
CPCM-UAKS
  HF/6-311++G(d,p) 7.9 [7.5] (5.5) 10.4 [8.8] (6.4) 13.8 [10.1] (7.4) 14.5 [10.5] (7.7) 18.5 [11.8] (8.6) 17.6 [11.9] (8.7) 18.8 [12.2] (9.0)
  B3LYP/6-311++G(d,p) 3.2 [2.8] (2.0) 7.2 [5.5] (4.1) 10.4 [6.7] (4.9) 11.3 [7.2] (5.3) 15.6 [8.9] (6.5) 14.4 [8.6] (6.3) 15.5 [8.9] (6.5)
  B3LYP/aug-cc-pVDZ 4.0 [3.6] (2.7) 7.8 [6.2] (4.5) 10.9 [7.3] (5.3) 11.9 [7.8] (5.7) 16.1 [9.4] (6.9) 15.0 [9.2] (6.8) 16.1 [9.5] (7.0)
  B3LYP/6-311++G(3df,2p) 4.5 [4.1] (3.0) 8.3 [6.6] (4.9) 11.5 [7.8] (5.7) 12.4 [8.3] (6.1) 16.5 [9.9] (7.2) 15.5 [9.8] (7.2) 16.6 [10.0] (7.3)
  M062X/6-311++G(d,p) 4.4 [4.0] (2.9) 7.1 [5.5] (4.0) 10.3 [6.6] (4.8) 10.9 [6.8] (5.0) 15.2 [8.5] (6.3) 13.8 [8.0] (5.9) 15.2 [8.6] (6.3)
  B97D/6-311++G(d,p) 6.0 [5.6] (4.1) 11.0 [9.4] (6.9) 12.8 [9.1] (6.7) 15.3 [11.2] (8.2) 18.2 [11.5] (8.4) 16.8 [11.1] (8.1) 17.4 [10.9] (8.0)
  CBS-Q//B3 5.1 [4.7] (3.4) 8.2 [6.5] (4.8) 11.4 [7.8] (5.7) 13.8 [9.7] (7.1) 16.0 [9.3] (6.8) 15.0 [9.3] (6.8) 16.1 [9.5] (7.0)
SMD
  HF/6-311++G(d,p) 1.1 [0.7] (0.5) 7.1 [5.5] (4.0) 9.6 [6.0] (4.4) 9.6 [5.5] (4.1) 14.8 [8.2] (6.0) 13.5 [7.8] (5.7) 15.8 [9.2] (6.8)
  B3LYP/6-311++G(d,p) -3.8 [-4.3] (-3.1) 1.4 [-0.3] (-0.2) 4.4 [0.7] (0.5) 4.7 [0.6] (0.5) 10.2 [3.5] (2.6) 8.3 [2.6] (1.9) 10.6 [4.1] (3.0)
  B3LYP/aug-cc-pVDZ -3.0 [-3.4] (-2.5) 0.8 [-0.8] (-0.6) 4.9 [1.2] (0.9) 5.1 [1.0] (0.7) 10.7 [4.0] (3.0) 8.5 [2.7] (2.0) 11.3 [4.8] (3.5)
  B3LYP/6-311++G(3df,2p) -2.2 [-2.6] (-1.9) 2.9 [1.2] (0.9) 5.6 [1.9] (1.4) 5.9 [1.8] (1.4) 11.2 [4.5] (3.3) 10.4 [4.7] (3.5) 11.7 [5.1] (3.8)
  M062X/6-311++G(d,p) -4.7 [-5.1] (-3.7) 0.5 [-1.2] (-0.8) 4.3 [0.7] (0.5) 4.2 [0.1] (0.1) 9.9 [3.2] (2.4) 8.0 [2.3] (1.7) 10.5 [4.0] (2.9)
  B97D/6-311++G(d,p) -1.1 [-1.5] (-1.1) 2.6 [1.0] (0.7) 6.7 [3.0] (2.2) 7.3 [3.2] (2.4) 12.7 [6.0] (4.4) 10.6 [4.9] (3.6) 13.4 [6.8] (5.0)
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  CBS-4M -2.0 [-2.4] (-1.8) 1.0 [-0.6] (-0.4) 5.1 [1.4] (1.0) 4.9 [0.8] (0.6) 10.7 [4.0] (2.9) 9.4 [3.7] (2.7) 11.0 [4.5] (3.3)
  CBS-Q//B3 -1.7 [-2.1] (-1.6) 1.5 [-0.2] (-0.1) 5.6 [2.0] (1.4) 5.6 [1.5] (1.1) 10.8 [4.1] (3.0) 9.5 [3.8] (2.8) 11.6 [5.0] (3.7)
  CBS-APNO -1.7 [-2.1] (-1.5) 3.0 [1.3] (1.0) 6.2 [2.5] (1.9) 6.2 [2.1] (1.5) 11.5 [4.8] (3.5) 8.9 [3.2] (2.3) 12.9 [6.4] (4.7)
  G4MP2 -0.1 [-0.6] (-0.4) 2.6 [1.0] (0.7) 7.2 [3.5] (2.6) 8.9 [4.8] (3.5) 12.3 [5.6] (4.1) 10.0 [4.3] (3.2) 13.1 [6.5] (4.8)
  G4 -0.6 [-1.0] (-0.8) 2.0 [0.4] (0.3) 6.7 [3.0] (2.2) 8.4 [4.3] (3.1) 11.9 [5.2] (3.8) 9.6 [3.9] (2.8) 12.6 [6.1] (4.5)
a calculated from the experimental pKa values using the equation pKa=ΔG°D,aq/2.303RT.
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Table S7. Comparison between available experimental standard state (1 mol/L; 298.15 K) solvation free energies (ΔG*solv) for the undissociated (molecular) forms of several polyfluorinated 
alcohols and calculated values using various levels of semiempirical, Hartree-Fock ab initio, and DFT theory and the CBS-Q//B3 methods with the IEFPCM-UFF, CPCM-UFF, CPCM-UAHF, CPCM-
UAKS, and SMD solvation models. Values are in kcal/mol. Errors are in kcal/mol (brackets) and pKa units (parentheses).
2,2,2-trifluoro
ethanol
1,1,1-trifluoro
propan-2-ol
2,2,3,3-tetrafluoro
propan-1-ol
2,2,3,3,3-pentafluoro
propan-1-ol
1,1,1,3,3,3-hexafluoro
propan-2-ol
MSEa MUEb RMSEc
exptd -4.3 -4.2 -4.9 -4.2 -3.8
IEFPCM-UFF
  AM1 -8.6 [-4.3] (3.2) -5.5 [-1.3] (1.0) -6.1 [-1.2] (0.9) -6.8 [-2.7] (2.0) -6.9 [-3.1] (2.3) [-2.5] (1.8) [2.5] (1.8) [2.8] (2.1)
  PM3 -5.7 [-1.4] (1.0) -5.2 [-1.0] (0.7) -6.0 [-1.1] (0.8) -5.6 [-1.5] (1.1) -8.4 [-4.6] (3.4) [-1.9] (1.4) [1.9] (1.4) [2.4] (1.8)
  PM6 -9.1 [-4.7] (3.5) -6.7 [-2.6] (1.9) -6.6 [-1.7] (1.3) -8.7 [-4.6] (3.4) -8.0 [-4.2] (3.1) [-3.6] (2.6) [3.6] (2.6) [3.8] (2.8)
  PDDG -6.9 [-2.6] (1.9) -5.6 [-1.4] (1.0) -6.6 [-1.8] (1.3) -6.7 [-2.6] (1.9) -7.7 [-3.9] (2.9) [-2.5] (1.8) [2.5] (1.8) [2.6] (1.9)
  HF/6-311++G(d,p) -8.3 [-3.9] (2.9) -6.9 [-2.7] (2.0) -8.3 [-3.4] (2.5) -8.2 [-4.0] (2.9) -8.8 [-5.0] (3.7) [-3.8] (2.8) [3.8] (2.8) [3.9] (2.9)
  B3LYP/6-311++G(d,p) -7.9 [-3.6] (2.6) -6.5 [-2.3] (1.7) -7.7 [-2.8] (2.1) -8.4 [-4.3] (3.2) -8.3 [-4.5] (3.3) [-3.5] (2.6) [3.5] (2.6) [3.6] (2.6)
  B3LYP/aug-cc-pVDZ -7.2 [-2.9] (2.1) -5.9 [-1.8] (1.3) -7.1 [-2.2] (1.6) -7.1 [-2.9] (2.1) -7.2 [-3.4] (2.5) [-2.6] (1.9) [2.6] (1.9) [2.7] (2.0)
  B3LYP/6-311++G(3df,2p) -7.2 [-2.9] (2.1) -6.0 [-1.8] (1.3) -7.0 [-2.2] (1.6) -6.9 [-2.8] (2.1) -7.4 [-3.6] (2.6) [-2.6] (1.9) [2.6] (1.9) [2.7] (2.0)
  M062X/6-311++G(d,p) -8.1 [-3.8] (2.8) -6.5 [-2.3] (1.7) -7.6 [-2.7] (2.0) -8.1 [-4.0] (2.9) -8.3 [-4.5] (3.3) [-3.4] (2.5) [3.4] (2.5) [3.5] (2.6)
  B97D/6-311++G(d,p) -7.5 [-3.2] (2.4) -6.3 [-2.1] (1.5) -7.3 [-2.5] (1.8) -8.6 [-4.5] (3.3) -8.0 [-4.2] (3.1) [-3.3] (2.4) [3.3] (2.4) [3.4] (2.5)
  CBS-Q//B3 -7.4 [-3.1] (2.3) -6.1 [-2.0] (1.5) -7.0 [-2.1] (1.5) -7.0 [-2.9] (2.1) -7.5 [-3.7] (2.7) [-2.8] (2.1) [2.8] (2.1) [2.8] (2.1)
CPCM-UFF
  AM1 -8.6 [-4.3] (3.2) -5.5 [-1.3] (1.0) -6.1 [-1.3] (1.0) -6.8 [-2.7] (2.0) -6.9 [3.2] (2.4) [-2.5] (1.8) [2.5] (1.8) [2.8] (2.1)
  PM3 -5.7 [-1.4] (1.0) -5.2 [-1.1] (0.8) -6.0 [-1.2] (0.9) -5.6 [-1.5] (1.1) -8.4 [-4.6] (3.4) [-1.9] (1.4) [1.9] (1.4) [2.4] (1.8)
  PM6 -9.1 [-4.8] (3.5) -6.8 [-2.6] (1.9) -6.6 [-1.7] (1.3) -8.8 [-4.6] (3.4) -8.0 [-4.2] (3.1) [-3.6] (2.6) [3.6] (2.6) [3.8] (2.8)
  PDDG -7.0 [-2.7] (2.0) -5.6 [-1.5] (1.1) -6.7 [-1.8] (1.3) -6.8 [-2.6] (1.9) -7.5 [-3.7] (5.8) [-2.5] (1.8) [2.5] (1.8) [2.6] (1.9)
  HF/6-311++G(d,p) -8.3 [-4.0] (2.9) -6.9 [-2.8] (2.1) -8.3 [-3.5] (2.6) -8.2 [-4.1] (3.0) -8.8 [-5.0] (3.7) [-3.9] (2.9) [3.9] (2.9) [3.9] (2.9)
  B3LYP/6-311++G(d,p) -8.0 [-3.7] (2.7) -6.5 [-2.3] (1.7) -7.8 [-2.9] (2.1) -8.5 [-4.3] (3.2) -8.2 [-4.4] (3.2) [-3.5] (2.6) [3.5] (2.6) [3.6] (2.6)
  B3LYP/aug-cc-pVDZ -7.2 [-2.9] (2.1) -6.0 [-1.8] (1.3) -7.1 [-2.3] (1.7) -7.1 [-3.0] (2.2) -7.2 [-3.4] (2.5) [-2.7] (2.0) [2.7] (2.0) [2.7] (2.0)
  B3LYP/6-311++G(3df,2p) -7.2 [-2.9] (2.1) -6.0 [-1.8] (1.3) -7.1 [-2.2] (1.6) -7.0 [-2.8] (2.1) -7.5 [-3.7] (2.7) [-2.7] (2.0) [2.7] (2.0) [2.8] (2.1)
  M062X/6-311++G(d,p) -8.1 [-3.8] (2.8) -6.5 [-2.3] (1.7) -7.6 [-2.7] (2.0) -8.2 [-4.0] (2.9) -8.4 [-4.6] (3.4) [-3.5] (2.6) [3.5] (2.6) [3.6] (2.6)
  B97D/6-311++G(d,p) -7.5 [-3.2] (2.4) -6.3 [-2.1] (1.5) -7.4 [-2.5] (1.8) -8.7 [-4.6] (3.4) -8.2 [-4.4] (3.2) [-3.4] (2.5) [3.4] (2.5) [3.5] (2.6)
  CBS-Q//B3 -7.5 [-3.2] (2.4) -6.2 [-2.0] (1.5) -7.0 [-2.1] (1.5) -7.1 [-2.9] (2.1) -7.6 [-3.8] (2.8) [-2.8] (2.1) [2.8] (2.1) [2.9] (2.1)
CPCM-UAHF
  AM1 -13.9 [-9.6] (7.1) -11.4 [-7.2] (5.3) -12.1 [-7.2] (5.3) -10.9 [-6.7] (4.9) n/ce [-7.7] (5.7) [7.7] (5.7) [7.8] (5.7)
  PM3 -11.1 [-6.8] (5.0) -9.5 [-5.3] (3.9) -10.7 [-5.8] (4.3) -10.2 [-6.1] (4.5) n/c [-6.0] (4.4) [6.0] (4.4) [6.0] (4.4)
  PM6 -17.3 [-13.0] (9.6) -14.5 [-10.3] (7.6) -15.2 [-10.3] (7.6) -17.1 [-13.0] (9.6) n/c [-11.6] (8.5) [11.6] (8.5) [11.7] (8.6)
  PDDG -11.7 [-7.4] (5.4) -10.7 [-6.6] (4.9) -13.0 [-8.2] (6.0) -10.9 [-6.7] (4.9) n/c [-7.2] (5.3) [7.2] (5.3) [7.2] (5.3)
  HF/6-311++G(d,p) -20.0 [-15.7] (11.5) -19.3 [-15.1] (11.1) -21.8 [-16.9] (12.4) -21.0 [-16.9] (12.4) n/c [-16.1] (11.8) [16.1] (11.8) [16.2] (11.9)
  B3LYP/6-311++G(d,p) -20.4 [-16.1] (11.8) -20.0 [-15.8] (11.6) -22.2 [-17.3] (12.7) -22.2 [-18.0] (13.2) n/c [-16.8] (12.4) [16.8] (12.4) [16.8] (12.4)
  B3LYP/aug-cc-pVDZ -19.3 [-15.0] (11.0) -19.1 [-14.9] (11.0) -21.0 [-16.1] (11.8) -20.0 [-15.8] (11.6) n/c [-15.4] (11.3) [15.4] (11.3) [15.5] (11.4)
  B3LYP/6-311++G(3df,2p) -19.2 [-14.9] (11.0) -18.8 [-14.7] (10.8) -20.6 [-15.8] (11.6) -19.8 [-15.6] (11.5) n/c [-15.2] (11.2) [15.2] (11.2) [15.2] (11.2)
  M062X/6-311++G(d,p) -20.9 [-20.9] (15.4) -20.0 [-15.9] (11.7) -22.1 [-17.2] (12.6) -21.8 [-17.7] (13.0) n/c [-16.8] (12.4) [16.8] (12.4) [16.9] (12.4)
  B97D/6-311++G(d,p) -20.0 [-15.7] (11.5) -19.7 [-15.5] (11.4) -21.6 [-16.8] (12.4) -20.8 [-16.7] (12.3) n/c [-16.2] (11.9) [16.2] (11.9) [16.2] (11.9)
  CBS-Q//B3 -19.3 [-15.0] (11.0) -18.8 [-14.6] (10.7) -20.4 [-15.5] (11.4) -19.9 [-15.8] (11.6) n/c [-15.2] (11.2) [15.2] (11.2) [15.2] (11.2)
CPCM-UAKS
  AM1 -13.9 [-9.6] (7.1) -11.4 [-7.2] (5.3) -12.1 [-7.2] (5.3) -10.9 [-6.7] (4.9) n/c [-7.7] (5.7) [7.7] (5.7) [7.8] (5.7)
  PM3 -11.1 [-6.8] (5.0) -9.5 [-5.3] (3.9) -10.7 [-5.8] (4.3) -10.2 [-6.1] (4.5) n/c [-6.0] (4.4) [6.0] (4.4) [6.0] (4.4)
  PM6 -17.3 [-13.0] (9.6) -14.5 [-10.3] (7.6) -15.2 [-10.3] (7.6) -17.1 [-13.0] (9.6) n/c [-11.6] (8.5) [11.6] (8.5) [11.7] (8.6)
  PDDG -11.7 [-7.4] (5.4) -10.7 [-6.6] (4.9) -13.0 [-8.2] (6.0) -10.9 [-6.7] (4.9) n/c [-7.2] (5.3) [7.2] (5.3) [7.2] (5.3)
  HF/6-311++G(d,p) -20.0 [-15.7] (11.5) -19.3 [-15.1] (11.1) -21.8 [-16.9] (12.4) -21.0 [-16.9] (12.4) n/c [-16.1] (11.8) [16.1] (11.8) [16.2] (11.9)
  B3LYP/6-311++G(d,p) -20.4 [-16.1] (11.8) -20.0 [-15.8] (11.6) -22.2 [-17.3] (12.7) -22.2 [-18.0] (13.2) n/c [-16.8] (12.4) [16.8] (12.4) [16.8] (12.4)
  B3LYP/aug-cc-pVDZ -19.3 [-15.0] (11.0) -19.1 [-14.9] (11.0) -21.0 [-16.1] (11.8) -20.0 [-15.8] (11.6) n/c [-15.4] (11.3) [15.4] (11.3) [15.5] (11.4)
  B3LYP/6-311++G(3df,2p) -19.2 [-14.9] (11.0) -18.8 [-14.7] (10.8) -20.6 [-15.8] (11.6) -19.8 [-15.6] (11.5) n/c [-15.2] (11.2) [15.2] (11.2) [15.2] (11.2)
  M062X/6-311++G(d,p) -20.9 [-20.9] (15.4) -20.0 [-15.9] (11.7) -22.1 [-17.2] (12.6) -21.8 [-17.7] (13.0) n/c [-16.8] (12.4) [16.8] (12.4) [16.9] (12.4)
  B97D/6-311++G(d,p) -20.0 [-15.7] (11.5) -19.7 [-15.5] (11.4) -21.6 [-16.8] (12.4) -20.8 [-16.7] (12.3) n/c [-16.2] (11.9) [16.2] (11.9) [16.2] (11.9)
  CBS-Q//B3 -19.3 [-15.0] (11.0) -18.8 [-14.6] (10.7) -20.4 [-15.5] (11.4) -19.9 [-15.8] (11.6) n/c [-15.2] (11.2) [15.2] (11.2) [15.2] (11.2)
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SMD
  AM1 -7.9 [-3.6] (2.6) -4.3 [-0.2] (0.1) -4.8 [0.1] (0.1) -3.6 [0.5] (0.4) -5.5 [-1.7] (1.3) [-1.0] (0.7) [1.2] (0.9) [1.8] (1.3)
  PM3 -5.8 [-1.5] (1.1) -4.2 [0.0] (0.0) -4.8 [0.1] (0.1) -3.5 [0.7] (0.5) -5.9 [-2.2] (1.6) [-0.6] (0.4) [0.9] (2.8) [1.2] (0.9)
  PM6 -9.5 [-5.2] (3.8) -7.6 [-3.5] (2.6) -6.4 [-1.5] (1.1) -7.2 [-3.1] (2.3) -5.8 [-2.1] (1.5) [-3.1] (2.3) [3.1] (2.3) [3.3] (2.4)
  PDDG -6.0 [-1.7] (1.3) -4.5 [-0.3] (0.2) -4.4 [0.4] (0.3) -5.4 [-1.2] (0.9) -5.2 [-1.5] (1.1) [-0.9] (0.7) [1.0] (0.7) [1.2] (0.9)
  HF/6-311++G(d,p) -10.1 [-5.8] (4.3) -8.2 [-4.0] (2.9) -10.4 [-5.5] (4.0) -8.8 [-4.6] (3.4) -9.5 [-5.7] (4.2) [-5.1] (3.8) [5.1] (3.8) [5.2] (3.8)
  B3LYP/6-311++G(d,p) -8.4 [-4.0] (2.9) -7.4 [-3.2] (2.4) -9.4 [-4.5] (3.3) -9.5 [-5.3] (3.9) -9.0 [-5.2] (3.8) [-4.5] (3.3) [4.5] (3.3) [4.5] (3.3)
  B3LYP/aug-cc-pVDZ -8.0 [-3.7] (2.7) -6.4 [-2.3] (1.7) -8.2 [-3.3] (2.4) -7.1 [-3.0] (2.2) -6.5 [-2.7] (2.0) [-3.0] (2.2) [3.0] (2.2) [3.0] (2.2)
  B3LYP/6-311++G(3df,2p) -8.3 [-4.0] (2.9) -6.3 [-2.2] (1.6) -8.0 [-3.1] (2.3) -7.0 [-2.9] (2.1) -6.7 [-2.9] (2.1) [-3.0] (2.2) [3.0] (2.2) [3.1] (2.3)
  M062X/6-311++G(d,p) -9.4 [-5.1] (3.8) -7.3 [-3.1] (2.3) -9.6 [-4.7] (3.5) -8.6 [-4.4] (3.2) -8.2 [-4.4] (3.2) [-4.4] (3.2) [4.4] (3.2) [4.4] (3.2)
  B97D/6-311++G(d,p) -9.5 [-5.2] (3.8) -7.0 [-2.9] (2.1) -8.6 [-3.7] (2.7) -8.2 [-4.0] (2.9) -7.1 [-3.3] (2.4) [-3.8] (2.8) [3.8] (2.8) [3.9] (2.9)
  CBS-Q//B3 -7.4 [-3.1] (2.3) -6.9 [-2.7] (2.0) -7.8 [-3.0] (2.2) -6.4 [-2.2] (1.6) -6.7 [-2.9] (2.1) [-2.8] (2.1) [2.8] (2.1) [2.8] (2.1)
a mean signed error between calculated and experimental values. b mean unsigned error between calculated and experimental values. c root mean squared error between calculated and 
experimental values. d  experimental values from ref. [6,8]. e converged geometry not obtained.
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Table S8. Comparison between available experimental standard state (1 mol/L; 298.15 
K) solvation free energies (ΔG*solv) for the dissociated (anionic) forms of 2,2,2-
trifluoroethanol and 1,1,1,3,3,3-hexafluoropropan-2-ol and the corresponding 
calculated values using various levels of semiempirical, Hartree-Fock ab initio, 
and DFT theory and the CBS-Q//B3 method with the IEFPCM-UFF, CPCM-UFF, and SMD 
solvation models. Structures could not be readily converged using the CPCM-UAHF or 
CPCM-UAKS solvation models at each level of theory. Values are in kcal/mol. Errors 
are in kcal/mol (brackets) and pKa units (parentheses).
2,2,2-trifluoro
ethanol
1,1,1,3,3,3-hexafluoro
propan-2-ol
expta -80±3 -67±3
IEFPCM-UFF
  AM1 -61.9 [18.1] (13.3) -54.3 [12.7] (9.3)
  PM3 -61.2 [18.8] (13.8) -55.5 [11.5] (8.5)
  PM6 -65.9 [14.1] (10.4) -57.2 [9.8] (7.2)
  PDDG -44.2 [35.8] (26.3) -55.8 [11.2] (8.2)
  HF/6-311++G(d,p) -65.7 [14.3] (10.5) -59.5 [7.5] (5.5)
  B3LYP/6-311++G(d,p) -62.9 [17.1] (12.6) -55.6 [11.4] (8.4)
  B3LYP/aug-cc-pVDZ -62.3 [17.7] (13.0) -56.8 [10.2] (7.5)
  B3LYP/6-311++G(3df,2p) -62.7 [17.3] (12.7) -55.6 [11.4] (8.4)
  M062X/6-311++G(d,p) -64.1 [15.9] (11.7) -58.3 [8.7] (6.4)
  B97D/6-311++G(d,p) -70.8 [18.4] (13.5) -61.1 [12.6] (9.3)
  CBS-Q//B3 -64.1 [15.9] (11.7) -58.2 [8.8] (6.5)
CPCM-UFF
  AM1 -62.0 [18.0] (13.2) -54.4 [12.6] (9.3)
  PM3 -61.2 [18.8] (13.8) -55.5 [11.5] (8.5)
  PM6 -66.0 [14.0] (10.3) -57.3 [9.7] (7.1)
  PDDG -44.3 [35.7] (26.3) -55.7 [11.3] (8.3)
  HF/6-311++G(d,p) -65.7 [14.3] (10.5) -59.5 [7.5] (5.5)
  B3LYP/6-311++G(d,p) -63.0 [17.0] (12.5) -57.1 [9.9] (7.3)
  B3LYP/aug-cc-pVDZ -62.3 [17.7] (13.0) -56.9 [10.1] (7.4)
  B3LYP/6-311++G(3df,2p) -62.8 [17.2] (12.6) -57.1 [9.9] (7.3)
  M062X/6-311++G(d,p) -64.1 [15.9] (11.7) -58.2 [8.8] (6.5)
  B97D/6-311++G(d,p) -61.7 [18.3] (13.5) -55.7 [11.3] (8.3)
  CBS-Q//B3 -64.2 [15.8] (11.6) -56.8 [10.2] (7.5)
SMD
  AM1 -70.0 [10.0] (7.4) -57.8 [9.2] (6.8)
  PM3 -71.0 [9.0] (6.6) -61.0 [6.0] (4.4)
  PM6 -81.5 [-1.5] (-1.1) -64.8 [2.2] (1.6)
  PDDG -54.0 [26.0] (19.1) -59.9 [7.1] (5.2)
  HF/6-311++G(d,p) -73.7 [6.3] (4.6) -63.7 [3.3] (2.4)
  B3LYP/6-311++G(d,p) -68.9 [11.1] (8.0) -59.0 [8.0] (5.9)
  B3LYP/aug-cc-pVDZ -67.7 [12.3] (9.0) -58.2 [8.8] (6.5)
  B3LYP/6-311++G(3df,2p) -68.4 [11.6] (8.5) -58.9 [8.1] (6.0)
  M062X/6-311++G(d,p) -70.8 [9.2] (6.8) -61.1 [5.9] (4.3)
  B97D/6-311++G(d,p) -66.9 [13.1] (9.6) -57.1 [9.9] (7.3)
  CBS-Q//B3 -70.8 [9.2] (6.8) -60.9 [6.1] (4.5)
a experimental values from ref. [9].
S13
N
at
ur
e 
Pr
ec
ed
in
gs
 : 
do
i:1
0.
10
38
/n
pr
e.
20
10
.3
82
9.
2 
: P
os
te
d 
5 
Fe
b 
20
10
Table S9. Comparison between available experimental standard state (1 mol/L; 298.15 K) solvation free energies 
(ΔG*solv) for the C1, C2, and C3 perfluoroalkanes and calculated values using various levels of semiempirical, 
Hartree-Fock ab initio, and DFT theory and the CBS-Q//B3 method with the IEFPCM-UFF, CPCM-UFF, CPCM-UAHF, CPCM-
UAKS, and SMD solvation models. Values are in kcal/mol. Errors are in kcal/mol (brackets) and pKa units 
(parentheses).
perfluoro-
methane
perfluoro-
ethane
perfluoro-
propane
MSEa MUEb RMSEc
exptd 3.2 3.9 4.3
IEFPCM-UFF
  AM1 -2.5 [-5.7] (-4.2) -1.1 [-5.0] (-3.7) -4.2 [-8.5] (-6.3) [-6.4] (-4.7) [6.4] (4.7) [6.6] (4.9)
  PM3 -2.6 [-5.8] (-4.3) -2.9 [-6.8] (-5.0) -2.9 [-7.2] (-5.3) [-6.6] (-4.9) [6.6] (4.9) [6.6] (4.9)
  PM6 -2.2 [-5.3] (-3.9) -2.4 [-6.3] (-4.6) -2.3 [-6.6] (-4.9) [-6.1] (-4.5) [6.1] (4.5) [6.1] (4.5)
  PDDG -2.5 [-5.6] (-4.1) -2.6 [-6.5] (-4.8) -3.1 [-7.3] (-5.4) [-6.5] (-4.8) [6.5] (4.8) [6.5] (4.8)
  HF/6-311++G(d,p) -2.9 [-6.0] (-4.4) -3.1 [-7.0] (-5.1) -3.4 [-7.7] (-5.7) [-6.9] (-5.1) [6.9] (5.1) [7.0] (5.1)
  B3LYP/6-311++G(d,p) -2.7 [-5.9] (-4.3) -2.9 [-6.8] (-5.0) -3.5 [-7.8] (-5.7) [-6.8] (-5.0) [6.8] (5.0) [6.9] (5.1)
  B3LYP/aug-cc-pVDZ -2.5 [-5.7] (-4.2) -2.7 [-6.6] (-4.9) -3.0 [-7.3] (-5.4) [-6.6] (-4.9) [6.6] (4.9) [6.6] (4.9)
  B3LYP/6-311++G(3df,2p) -2.5 [-5.7] (-4.2) -2.7 [-6.7] (-4.9) -3.1 [-7.3] (-5.4) [-6.6] (-4.9) [6.6] (4.9) [6.6] (4.9)
  M062X/6-311++G(d,p) -2.7 [-5.9] (-4.3) -2.9 [-6.8] (-5.0) -3.4 [-7.7] (-5.7) [-6.8] (-5.0) [6.8] (5.0) [6.8] (5.0)
  B97D/6-311++G(d,p) -2.6 [-5.8] (-4.3) -2.9 [-6.8] (-5.0) -3.2 [-7.5] (-5.5) [-6.7] (-4.9) [6.7] (4.9) [6.7] (4.9)
  CBS-Q//B3 -2.5 [-5.7] (-4.2) -2.7 [-6.7] (-4.9) -1.0 [-5.3] (-3.9) [-5.9] (-4.9) [5.9] (4.9) [5.9] (4.9)
CPCM-UFF
  AM1 -2.6 [-5.7] (-4.2) -1.1 [-5.0] (-3.7) -4.2 [-8.5] (-6.3) [-6.4] (-4.7) [6.4] (4.7) [6.6] (4.9)
  PM3 -2.6 [-5.8] (-4.3) -2.9 [-6.8] (-5.0) -3.0 [-7.2] (-5.3) [-6.6] (-4.9) [6.6] (4.9) [6.6] (4.9)
  PM6 -2.2 [-5.4] (-4.0) -2.4 [-6.3] (-4.6) -2.3 [-6.6] (-4.9) [-6.1] (-4.5) [6.1] (4.5) [6.1] (4.5)
  PDDG -2.5 [-5.6] (-4.1) -2.6 [-6.5] (-4.8) -3.1 [-7.3] (-5.4) [-6.5] (-4.8) [6.5] (4.8) [6.5] (4.8)
  HF/6-311++G(d,p) -2.9 [-6.0] (-4.4) -3.1 [-7.0] (-5.1) -3.4 [-7.7] (-5.7) [-6.9] (-5.1) [6.9] (5.1) [7.0] (5.1)
  B3LYP/6-311++G(d,p) -2.7 [-5.9] (-4.3) -2.9 [-6.8] (-5.0) -3.5 [-7.8] (-5.7) [-6.8] (-5.0) [6.8] (5.0) [6.9] (5.1)
  B3LYP/aug-cc-pVDZ -2.5 [-5.7] (-4.2) -2.7 [-6.6] (-4.9) -3.0 [-7.3] (-5.4) [-6.6] (-4.9) [6.6] (4.9) [6.6] (4.9)
  B3LYP/6-311++G(3df,2p) -2.5 [-5.7] (-4.2) -2.7 [-6.7] (-4.9) -3.1 [-7.3] (-5.4) [-6.6] (-4.9) [6.6] (4.9) [6.6] (4.9)
  M062X/6-311++G(d,p) -2.7 [-5.9] (-4.3) -2.9 [-6.8] (-5.0) -3.4 [-7.7] (-5.7) [-6.8] (-5.0) [6.8] (5.0) [6.8] (5.0)
  B97D/6-311++G(d,p) -2.6 [-5.8] (-4.3) -2.9 [-6.8] (-5.0) -3.2 [-7.5] (-5.5) [-6.7] (-4.9) [6.7] (4.9) [6.7] (4.9)
  CBS-Q//B3 -2.5 [-5.7] (-4.2) -2.7 [-6.7] (-4.9) -1.0 [-5.3] (-3.9) [-5.9] (-4.9) [5.9] (4.9) [5.9] (4.9)
CPCM-UAHF
  AM1 -2.9 [-6.1] (-4.5) -2.2 [-6.1] (-4.5) -5.9 [10.2] (7.5) [-7.5] (-5.5) [7.5] (5.5) [7.7] (5.7)
  PM3 -3.0 [-6.2] (-4.6) -4.1 [-8.0] (-5.9) -4.6 [-8.9] (-6.5) [-7.7] (-5.7) [7.7] (5.7) [7.8] (5.7)
  PM6 -2.4 [-5.5] (-4.0) -2.9 [-6.9] (-5.1) -1.8 [-6.1] (-4.5) [-6.2] (-4.6) [6.2] (4.6) [6.2] (4.6)
  PDDG -2.8 [-6.0] (-4.4) -3.4 [-7.4] (-5.4) -4.3 [-8.6] (-6.3) [-7.3] (-5.4) [7.3] (5.4) [7.4] (5.4)
  HF/6-311++G(d,p) -3.4 [-6.5] (-4.8) -4.7 [-8.6] (-6.3) -5.6 [-9.9] (-7.3) [-8.3] (-6.1) [8.3] (6.1) [8.4] (6.2)
  B3LYP/6-311++G(d,p) -3.1 [-6.3] (-4.6) -4.3 [-8.3] (-6.1) -3.4 [-7.7] (-5.7) [-7.4] (-5.4) [7.4] (5.4) [7.5] (5.5)
  B3LYP/aug-cc-pVDZ -2.8 [-6.0] (-4.4) -3.7 [-7.7] (-5.7) -4.4 [-8.7] (-6.4) [-7.4] (-5.4) [7.4] (5.4) [7.5] (5.5)
  B3LYP/6-311++G(3df,2p) -2.9 [-6.1] (-4.5) -3.8 [-7.7] (-5.7) -4.5 [-8.8] (-6.5) [-7.5] (-5.5) [7.5] (5.5) [7.6] (5.6)
  M062X/6-311++G(d,p) -3.1 [-6.3] (-4.6) -4.2 [-8.1] (-6.0) -4.8 [-9.1] (-6.7) [-7.8] (-5.7) [7.8] (5.7) [7.9] (5.8)
  B97D/6-311++G(d,p) -3.1 [-6.2] (-4.6) -4.1 [-8.0] (-5.9) -4.7 [-9.0] (-6.6) [-7.8] (-5.7) [7.8] (5.7) [7.8] (5.7)
  CBS-Q//B3 -2.8 [-6.0] (-4.4) -3.7 [-7.6] (-5.6) -2.3 [-6.6] (-4.9) [-6.7] (-4.9) [6.7] (4.9) [6.8] (5.0)
CPCM-UAKS
  AM1 -2.9 [-6.1] (-4.5) -2.2 [-6.1] (-4.5) -5.9 [10.2] (7.5) [-7.5] (-5.5) [7.5] (5.5) [7.7] (5.7)
  PM3 -3.0 [-6.2] (-4.6) -4.1 [-8.0] (-5.9) -4.6 [-8.9] (-6.5) [-7.7] (-5.7) [7.7] (5.7) [7.8] (5.7)
  PM6 -2.4 [-5.5] (-4.0) -2.9 [-6.9] (-5.1) -1.8 [-6.1] (-4.5) [-6.2] (-4.6) [6.2] (4.6) [6.2] (4.6)
  PDDG -2.8 [-6.0] (-4.4) -3.4 [-7.4] (-5.4) -4.3 [-8.6] (-6.3) [-7.3] (-5.4) [7.3] (5.4) [7.4] (5.4)
  HF/6-311++G(d,p) -3.4 [-6.5] (-4.8) -4.7 [-8.6] (-6.3) -5.6 [-9.9] (-7.3) [-8.3] (-6.1) [8.3] (6.1) [8.4] (6.2)
  B3LYP/6-311++G(d,p) -3.1 [-6.3] (-4.6) -4.3 [-8.3] (-6.1) -3.4 [-7.7] (-5.7) [-7.4] (-5.4) [7.4] (5.4) [7.5] (5.5)
  B3LYP/aug-cc-pVDZ -2.8 [-6.0] (-4.4) -3.7 [-7.7] (-5.7) -4.4 [-8.7] (-6.4) [-7.4] (-5.4) [7.4] (5.4) [7.5] (5.5)
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  B3LYP/6-311++G(3df,2p) -2.9 [-6.1] (-4.5) -3.8 [-7.7] (-5.7) -4.5 [-8.8] (-6.5) [-7.5] (-5.5) [7.5] (5.5) [7.6] (5.6)
  M062X/6-311++G(d,p) -3.1 [-6.3] (-4.6) -4.2 [-8.1] (-6.0) -4.8 [-9.1] (-6.7) [-7.8] (-5.7) [7.8] (5.7) [7.9] (5.8)
  B97D/6-311++G(d,p) -3.1 [-6.2] (-4.6) -4.1 [-8.0] (-5.9) -4.7 [-9.0] (-6.6) [-7.8] (-5.7) [7.8] (5.7) [7.8] (5.7)
  CBS-Q//B3 -2.8 [-6.0] (-4.4) -3.7 [-7.6] (-5.6) -2.3 [-6.6] (-4.9) [-6.7] (-4.9) [6.7] (4.9) [6.8] (5.0)
SMD
  AM1 1.1 [-2.1] (-1.5) 1.8 [-2.1] (-1.5) 3.2 [-1.1] (-0.8) [-1.8] (-1.3) [1.8] (1.3) [1.8] (1.3)
  PM3 0.7 [-2.4] (-1.8) 2.3 [-1.6] (-1.2) 2.1 [-2.2] (-1.6) [-2.1] (-1.5) [2.1] (1.5) [2.1] (1.5)
  PM6 1.6 [-1.5] (-1.1) 1.4 [-2.6] (-1.9) 3.6 [-0.7] (-0.5) [-1.6] (-1.2) [1.6] (1.2) [1.8] (1.3)
  PDDG 1.3 [-1.8] (-1.3) 2.2 [-1.7] (-1.3) 3.6 [-0.7] (-0.5) [-1.4] (-1.0) [1.4] (1.0) [1.5] (1.1)
  HF/6-311++G(d,p) 0.4 [-2.8] (-2.1) 1.0 [-2.9] (-2.1) 1.7 [-2.6] (-1.9) [-2.8] (-2.1) [2.8] (2.1) [2.8] (2.1)
  B3LYP/6-311++G(d,p) 0.7 [-2.5] (-1.8) 1.4 [-2.5] (-1.8) 2.3 [-1.9] (-1.4) [-2.3] (-1.7) [2.3] (1.7) [2.3] (1.7)
  B3LYP/aug-cc-pVDZ 1.0 [-2.1] (-1.5) 1.8 [-2.1] (-1.5) 2.8 [-1.5] (-1.1) [-1.9] (-1.4) [1.9] (1.4) [2.0] (1.5)
  B3LYP/6-311++G(3df,2p) 1.0 [-2.2] (-1.6) 1.8 [-2.2] (-1.6) 2.7 [-1.6] (-1.2) [-2.0] (-1.5) [2.0] (1.5) [2.0] (1.5)
  M062X/6-311++G(d,p) 0.7 [-2.5] (-1.8) 1.5 [-2.5] (-1.8) 2.4 [-1.9] (-1.4) [-2.3] (-1.7) [2.3] (1.7) [2.3] (1.7)
  B97D/6-311++G(d,p) 0.8 [-2.4] (-1.8) 1.5 [-2.4] (-1.8) 2.1 [-2.2] (-1.6) [-2.3] (-1.7) [2.3] (1.7) [2.3] (1.7)
  CBS-Q//B3 1.0 [-2.1] (-1.5) 1.7 [-2.2] (-1.6) 3.1 [-1.2] (-0.9) [-1.8] (-1.3) [1.8] (1.3) [1.9] (1.4)
a mean signed error between calculated and experimental values. b mean unsigned error between calculated and experimental values. c root mean 
squared error between calculated and experimental values. d  experimental values from ref. [6,8].
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Table S10. Calculated standard state gas phase (1 atm; 298.15 K) acid dissociation free energies (ΔG°D,g) for the 
C1 through C9 straight chain PFCAs using various levels of Hartree-Fock and DFT theory and the CBS-Q//B3 method. 
Values are in kcal/mol. Errors are in kcal/mol (brackets) and pKa units (parentheses).
C1 C2 C3 C4 C5 C6 C7 C8 C9
TFA n-PFPrA n-PFBuA n-PFPeA n-PFHxA n-PFHpA n-PFOA n-PFNA n-PFDeA
expta 316.2±2.0 to 317.4±2.0 n/ab 315.0±2.0 n/a n/a n/a n/a n/a n/a
HF/6-31G(d,p) 330.1 [12.7 to 13.9] (9.3 to 10.2) 326.2 325.6 [10.7] (7.9) 324.5 324.1 323.9 323.8 324.0 323.7
HF/6-31++G(d,p) 318.5 [1.1 to 2.3] (0.8 to 1.7) 316.0 316.1 [1.2] (0.9) 314.7 314.5 314.3 314.2 314.4 314.1
HF/6-311++G(d,p) 319.0 [1.6 to 2.8] (1.2 to 2.1) 316.0 316.0 [1.1] (0.8) 314.7 314.4 314.3 314.2 314.4 314.1
B3LYP/6-31G(d,p) 330.1 [12.7 to 13.9] (9.3 to 10.2) 326.8 325.4 [10.5] (7.7) 324.5 324.0 323.8 323.7 323.7 323.5
B3LYP/6-31++G(d,p) 312.0 [-5.4 to -4.2] (-4.0 to -3.1) 309.0 308.6 [-6.3] (-4.6) 307.5 307.1 307.0 306.9 307.1 306.8
B3LYP/6-311++G(d,p) 311.7 [-5.7 to -4.5] (-4.2 to -3.3) 308.8 308.3 [-6.6] (-4.9) 307.1 306.7 306.5 306.4 306.7 306.3
B3LYP/6-311++G(3df,2p) 314.3 [-3.1 to -1.9] (-2.3 to -1.4) 310.8 310.5 [-4.4] (-3.2) 309.6 309.2 309.1 308.9 n/cc n/c
B3LYP/aug-cc-pVDZ 313.0 [-4.4 to -3.2] (-3.2 to -2.4) 309.7 309.2 [-5.7] (-4.2) 308.4 308.0 307.8 307.7 n/c n/c
M062X/6-311++G(d,p) 313.8 [-3.6 to -2.4] (-2.6 to -1.8) 309.5 308.4 [-6.5] (-4.8) 307.2 306.7 307.3 306.6 n/c n/c
B97D/6-311++G(d,p) 313.9 [-3.5 to -2.3] (-2.6 to -1.7) 310.7 310.2 [-4.7] (-3.5) 309.1 308.6 308.5 308.1 n/c n/c
CBS-Q//B3 315.7 [-1.7 to -0.5] (-1.3 to -0.4) 312.8 311.9 [-3.0] (-2.2) 311.1 n/c n/c n/c n/c n/c
a experimental values from ref. [3-5] as listed in the NIST Chemistry WebBook (http://webbook.nist.gov/chemistry/). b not available. c not 
calculated. 
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Table S11. Calculated standard state gas phase (1 atm; 298.15 K) acid dissociation 
free energies (ΔG°D,g) for the monomethyl branched PFOA isomers using various levels 
of DFT theory. Values are in kcal/mol.
1-CF3-PFOA 2-CF3-PFOA 3-CF3-PFOA 4-CF3-PFOA 5-CF3-PFOA
B3LYP/6-311++G(d,p) 302.9 305.6 306.4 306.1 306.3
B3LYP/6-311++G(3df,2p) 305.7 308.4 308.9 308.7 308.9
B3LYP/aug-cc-pVDZ 304.7 306.7 307.6 307.5 307.7
M062X/6-311++G(d,p) 303.3 306.3 306.9 306.4 306.7
B97D/6-311++G(d,p) 304.0 307.7 308.0 307.9 308.1
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Table S12. Calculated standard state (1 mol/L; 298.15 K) solvation free energies (ΔG*solv) for the undissociated 
(molecular) forms of C1 through C9 straight chain PFCAs using various levels of semiempirical, Hartree-Fock, and 
DFT theory and the CBS-Q//B3 method with the IEFPCM-UFF and SMD solvation models. Values are in kcal/mol. Errors 
are in kcal/mol (brackets) and pKa units (parentheses).
C1 C2 C3 C4 C5 C6 C7 C8 C9
TFA n-PFPrA n-PFBuA n-PFPeA n-PFHxA n-PFHpA n-PFOA n-PFNA n-PFDeA
expta -7.3 n/ab n/a n/a n/a n/a n/a n/a n/a
IEFPCM-UFF
  AM1 -5.7 [1.6] (-1.2) -3.5 -3.7 -3.4 -3.8 -3.6 -3.7 -4.0 -4.0
  PM3 -5.9 [1.4] (-1.0) -4.1 -4.2 -4.5 -4.6 -4.7 -5.1 -5.2 -5.4
  PM6 -6.1 [1.2] (-0.9) -4.4 -4.2 -4.8 -4.2 -4.5 -5.4 -5.0 -4.8
  PDDG -6.0 [1.3] (-1.0) -4.1 -3.9 -4.2 -4.2 -4.1 -4.7 -4.1 -4.5
  HF/6-31G(d,p) -7.3 [0.0] (0.0) -5.6 -5.6 -5.9 -6.2 -6.1 -6.4 -6.5 -6.6
  HF/6-31++G(d,p) -7.7 [-0.4] (0.3) -6.2 -5.8 -6.3 -6.7 -6.6 -7.0 -7.1 -7.2
  HF/6-311++G(d,p) -7.8 [-0.5] (0.4) -6.1 -5.9 -6.6 -7.2 -6.9 -7.1 -7.5 -7.5
  B3LYP/6-31G(d,p) -6.2 [1.1] (-0.8) -4.5 -4.7 -4.6 -4.8 -4.9 -5.2 -5.1 -5.1
  B3LYP/6-31++G(d,p) -7.0 [0.3] (-0.2) -5.6 -5.4 -5.5 -5.7 -5.7 -6.2 -6.3 -6.2
  B3LYP/6-311++G(d,p) -7.1 [0.2] (-0.1) -5.8 -5.6 -5.7 -6.1 -6.0 -6.2 -6.5 -6.5
  B3LYP/6-311++G(3df,2p) -6.7 [0.6] (-0.4) -5.1 -5.1 -5.3 -5.5 -5.4 -5.6 n/cc n/c
  B3LYP/aug-cc-pVDZ -6.6 [0.7] (-0.5) -5.3 -5.1 -5.1 -5.4 -5.3 -5.5 n/c n/c
  M062X/6-311++G(d,p) -7.2 [0.1] (-0.1) -5.4 -5.4 -5.7 -6.0 -6.1 -6.4 n/c n/c
  B97D/6-311++G(d,p) -6.8 [0.5] (-0.4) -5.3 -5.5 -5.9 -5.5 -5.7 -5.9 n/c n/c
  CBS-Q//B3 -6.5 [0.8] (-0.6) -4.8 -4.9 -5.2 n/c n/c n/c n/c n/c
SMD
  AM1 -4.9 [2.4] (-1.8) -2.2 0.5 0.4 2.1 3.0 5.2 6.6 7.0
  PM3 -5.2 [2.1] (-1.5) -2.6 -1.4 -0.7 -0.1 0.5 1.5 2.7 2.4
  PM6 -6.2 [1.1] (-0.8) -3.0 -1.4 -0.4 0.7 1.6 4.0 4.8 5.4
  PDDG -5.4 [1.9] (-1.4) -2.3 -1.3 0.2 1.7 1.6 3.1 5.3 6.1
  HF/6-31G(d,p) -7.8 [-0.5] (0.3) -4.9 -3.8 -3.9 -2.8 -1.6 -0.7 -0.1 0.7
  HF/6-31++G(d,p) -8.7 [-1.4] (1.0) -5.7 -4.2 -4.6 -4.3 -3.3 -1.9 -0.9 -0.1
  HF/6-311++G(d,p) -8.7 [-1.4] (1.0) -5.8 -5.0 -4.8 -3.9 -3.4 -2.5 -1.3 -0.6
  B3LYP/6-31G(d,p) -5.4 [1.9] (-1.4) -2.0 -1.6 -1.0 0.2 1.1 1.9 2.7 4.3
  B3LYP/6-31++G(d,p) -6.9 [0.4] (-0.3) -4.3 -3.5 -3.0 -1.0 -0.8 0.1 0.8 2.6
  B3LYP/6-311++G(d,p) -7.2 [0.1] (-0.1) -4.4 -3.3 -2.9 -1.6 -1.2 -0.5 0.5 2.0
  B3LYP/6-311++G(3df,2p) -6.5 [0.8] (-0.6) -3.5 -2.8 -1.6 -1.2 -0.3 0.8 n/c n/c
  B3LYP/aug-cc-pVDZ -6.4 [0.9] (-0.7) -3.5 -2.4 -1.2 -1.0 -0.4 1.0 n/c n/c
  M062X/6-311++G(d,p) -7.5 [-0.2] (0.1) -4.4 -3.5 -2.3 -2.7 -1.4 -0.8 n/c n/c
  B97D/6-311++G(d,p) -6.8 [0.5] (-0.3) -4.1 -2.0 -2.2 -1.8 -0.3 -0.5 n/c n/c
  CBS-Q//B3 -6.0 [1.3] (-1.0) -3.1 -2.0 -1.8 n/c n/c n/c n/c n/c
a experimental value from ref. [7]. b not available. c not calculated.
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Table S13. Calculated standard state (1 mol/L; 298.15 K) solvation free energies (ΔG*solv) for the dissociated 
(anionic) forms of C1 through C9 straight chain PFCAs using various levels of semiempirical, Hartree-Fock, and 
DFT theory and the CBS-Q//B3 method with the IEFPCM-UFF and SMD solvation models. Values are in kcal/mol. Errors 
are in kcal/mol (brackets) and pKa units (parentheses).
C1 C2 C3 C4 C5 C6 C7 C8 C9
TFA n-PFPrA n-PFBuA n-PFPeA n-PFHxA n-PFHpA n-PFOA n-PFNA n-PFDeA
expta -59.3 n/ab n/a n/a n/a n/a n/a n/a n/a
IEFPCM-UFF
  AM1 -58.4 [0.9] (0.7) -56.5 -56.5 -54.2 -53.7 -53.9 -53.3 -52.4 -52.6
  PM3 -58.1 [1.2] (0.9) -57.0 -56.1 -56.0 -55.6 -55.5 -56.1 -56.0 -56.2
  PM6 -60.4 [-1.1] (-0.8) -57.3 -55.1 -55.7 -55.9 -56.5 -56.0 -56.6 -55.6
  PDDG -57.7 [1.6] (1.2) -57.4 -55.7 -54.4 -55.3 -55.4 -55.2 -55.2 -54.6
  HF/6-31G(d,p) -61.2 [-1.9] (-1.4) -58.3 -57.5 -57.1 -57.2 -57.0 -57.3 -57.3 -57.2
  HF/6-31++G(d,p) -59.6 [-0.3] (-0.2) -57.8 -57.4 -56.8 -56.8 -56.8 -57.2 -57.0 -57.0
  HF/6-311++G(d,p) -58.6 [0.7] (0.5) -57.9 -57.5 -56.9 -56.8 -56.9 -57.3 -57.2 -57.3
  B3LYP/6-31G(d,p) -58.9 [0.4] (0.3) -57.1 -55.9 -55.3 -55.1 -55.0 -55.0 -54.9 -55.0
  B3LYP/6-31++G(d,p) -57.9 [1.4] (1.0) -56.0 -53.3 -54.6 -54.4 -54.3 -54.6 -54.6 -54.4
  B3LYP/6-311++G(d,p) -58.1 [1.2] (0.9) -56.0 -55.6 -54.7 -54.4 -54.4 -54.6 -54.8 -54.6
  B3LYP/6-311++G(3df,2p) -57.1 [2.2] (1.6) -54.8 -55.4 -54.5 -54.2 -54.2 -54.6 n/cc n/c
  B3LYP/aug-cc-pVDZ -56.7 [2.6] (1.9) -54.8 -55.1 -54.2 -54.0 -53.9 -54.2 n/c n/c
  M062X/6-311++G(d,p) -58.9 [0.4] (0.3) -56.3 -53.7 -54.9 -54.9 -55.1 -54.9 n/c n/c
  B97D/6-311++G(d,p) -56.2 [3.1] (2.3) -54.2 -54.6 -53.7 -53.4 -53.4 -53.1 n/c n/c
  CBS-Q//B3 -58.9 [0.4] (0.3) -56.6 -55.7 -55.1 n/c n/c n/c n/c n/c
SMD
  AM1 -63.7 [-4.4] (-3.2) -61.1 -59.6 -56.1 -55.2 -53.2 -51.9 -50.1 -49.0
  PM3 -66.0 [-6.7] (-4.9) -63.1 -61.1 -59.9 -58.3 -57.7 -56.7 -56.0 -55.5
  PM6 -66.8 [-7.5] (-5.5) -62.1 -61.4 -60.5 -58.2 -57.4 -55.6 -54.8 -53.5
  PDDG -64.9 [-5.6] (-4.1) -62.3 -59.7 -58.1 -56.7 -55.4 -54.1 -52.9 -52.2
  HF/6-31G(d,p) -65.1 [-5.8] (-4.3) -60.3 -60.1 -58.3 -57.4 -56.0 -55.7 -54.6 -54.4
  HF/6-31++G(d,p) -62.5 [-3.2] (-2.4) -59.9 -58.4 -57.2 -56.2 -55.1 -54.1 -53.1 -51.9
  HF/6-311++G(d,p) -62.6 [-3.3] (-2.4) -59.7 -58.3 -57.3 -56.7 -55.7 -54.4 -53.2 -52.1
  B3LYP/6-31G(d,p) -62.0 [-2.7] (-2.0) -58.8 -57.0 -55.0 -53.4 -52.3 -51.6 -50.2 -49.1
  B3LYP/6-31++G(d,p) -58.7 [0.6] (0.4) -56.0 -53.9 -50.8 -51.3 -50.3 -49.7 -48.4 -46.9
  B3LYP/6-311++G(d,p) -58.8 [0.5] (0.4) -55.8 -55.1 -52.8 -51.5 -50.4 -50.0 -49.0 -48.0
  B3LYP/6-311++G(3df,2p) -58.9 [0.4] (0.3) -54.0 -53.8 -52.6 -51.3 -50.2 -49.5 n/c n/c
  B3LYP/aug-cc-pVDZ -58.4 [0.9] (0.7) -53.8 -53.4 -51.9 -50.8 -49.7 -49.1 n/c n/c
  M062X/6-311++G(d,p) -62.0 [-2.7] (-2.0) -56.0 -55.1 -53.4 -52.2 -51.6 -50.4 n/c n/c
  B97D/6-311++G(d,p) -57.8 [1.5] (1.1) -52.3 -51.1 -51.4 -50.4 -48.5 -47.6 n/c n/c
  CBS-Q//B3 -59.5 [0.2] (0.1) -56.4 -54.7 -53.3 n/c n/c n/c n/c n/c
a experimental value from ref. [7]. b not available. c not calculated.
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Table S14. Calculated standard state (1 mol/L; 298.15 K) solvation free energies 
(ΔG*solv) for the undissociated (molecular) forms of the five monomethyl branched 
PFOA isomers using various levels of DFT theory with the IEFPCM-UFF and SMD 
solvation models. Values are in kcal/mol.
1-CF3-PFOA 2-CF3-PFOA 3-CF3-PFOA 4-CF3-PFOA 5-CF3-PFOA
IEFPCM-UFF
  B3LYP/6-311++G(d,p) -5.6 -6.0 -6.1 -5.8 -6.0
  B3LYP/6-311++G(3df,2p) -5.1 -5.3 -5.4 -5.3 -5.4
  B3LYP/aug-cc-pVDZ -5.0 -5.1 -5.4 -5.3 -5.4
  M062X/6-311++G(d,p) -5.8 -6.0 -6.2 -5.9 -6.2
  B97D/6-311++G(d,p) -5.5 -5.5 -5.7 -5.5 -5.8
SMD
  B3LYP/6-311++G(d,p) -0.4 0.5 -0.7 -0.7 -0.8
  B3LYP/6-311++G(3df,2p) 1.3 1.6 0.2 0.3 0.5
  B3LYP/aug-cc-pVDZ 0.8 1.8 0.3 0.6 0.6
  M062X/6-311++G(d,p) -0.3 0.0 -0.6 -1.0 -0.7
  B97D/6-311++G(d,p) 0.9 0.3 0.5 0.3 0.2
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Table S15. Calculated standard state (1 mol/L; 298.15 K) solvation free energies 
(ΔG*solv) for the dissociated (anionic) forms of the five monomethyl branched PFOA 
isomers using various levels of DFT theory with the IEFPCM-UFF and SMD solvation 
models. Values are in kcal/mol.
1-CF3-PFOA 2-CF3-PFOA 3-CF3-PFOA 4-CF3-PFOA 5-CF3-PFOA
IEFPCM-UFF
  B3LYP/6-311++G(d,p) -51.9 -53.6 -54.3 -54.1 -54.1
  B3LYP/6-311++G(3df,2p) -51.9 -53.2 -54.1 -54.1 -54.1
  B3LYP/aug-cc-pVDZ -51.7 -52.1 -53.8 -53.8 -53.8
  M062X/6-311++G(d,p) -52.7 -54.0 -54.6 -54.6 -55.0
  B97D/6-311++G(d,p) -50.3 -52.1 -52.8 -52.7 -53.0
SMD
  B3LYP/6-311++G(d,p) -46.6 -48.0 -48.6 -49.2 -49.5
  B3LYP/6-311++G(3df,2p) -46.3 -47.7 -48.5 -48.8 -48.9
  B3LYP/aug-cc-pVDZ -45.9 -46.9 -47.9 -48.2 -48.4
  M062X/6-311++G(d,p) -48.3 -50.0 -49.8 -50.0 -50.3
  B97D/6-311++G(d,p) -44.0 -46.4 -47.1 -47.4 -47.2
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Table S16. Calculated standard state (1 mol/L; 298.15 K) aqueous phase acid dissociation free energies (ΔG°D,aq) 
for the straight chain C1 through C9 PFCAs and the monomethyl branched PFOA congeners using various levels of DFT 
theory and the CBS-Q//B3 method with the IEFPCM-UFF and SMD solvation models. Values are in kcal/mol.
C1 C2 C3 C4 C5 C6 C7 C8 C9
TFA n-PFPrA n-PFBuA n-PFPeA n-PFHxA n-PFHpA n-PFOA
1-CF3-
PFOA
2-CF3-
PFOA
3-CF3-
PFOA
4-CF3-
PFOA
5-CF3-
PFOA n-PFNA n-PFDeA
IEFPCM-UFF
  B3LYP/6-311++G(d,p) -3.3 -3.6 -3.8 -4.1 -3.8 -3.9 -4.1 -5.5 -4.0 -3.9 -4.2 -3.9 -3.7 -3.9
  B3LYP/6-311++G(3df,2p) -0.1 -1.0 -1.9 -1.8 -1.6 -1.8 -2.2 -3.2 -1.6 -1.9 -2.2 -1.8 n/ca n/c
  B3LYP/aug-cc-pVDZ -1.1 -2.0 -2.8 -2.8 -2.6 -2.9 -3.1 -4.1 -2.3 -3.0 -3.2 -2.8 n/c n/c
  M062X/6-311++G(d,p) -2.0 -3.5 -2.0 -4.1 -4.3 -3.8 -4.0 -5.6 -3.8 -3.6 -4.4 -4.3 n/c n/c
  B97D/6-311++G(d,p) 0.5 -0.3 -1.1 -0.8 -1.4 -1.3 -1.2 -3.0 -1.0 -1.2 -1.4 -1.2 n/c n/c
  CBS-Q//B3 -0.7 -1.0 -0.9 -1.0 n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c
SMD
  B3LYP/6-311++G(d,p) -3.8 -4.7 -5.6 -5.0 -5.3 -4.8 -5.2 -5.4 -5.0 -3.6 -4.5 -4.5 -5.0 -5.9
  B3LYP/6-311++G(3df,2p) -2.2 -1.8 -2.7 -3.5 -3.0 -2.9 -3.4 -3.9 -3.1 -1.9 -2.5 -2.6 n/c n/c
  B3LYP/aug-cc-pVDZ -3.0 -2.7 -3.9 -4.5 -3.9 -3.5 -4.5 -4.1 -4.1 -2.6 -3.5 -3.4 n/c n/c
  M062X/6-311++G(d,p) -4.7 -4.3 -5.3 -6.0 -4.9 -5.0 -5.1 -6.8 -5.8 -4.4 -4.7 -5.1 n/c n/c
  B97D/6-311++G(d,p) -1.1 0.4 -1.0 -2.3 -2.1 -1.8 -1.1 -3.0 -1.1 -1.6 -2.0 -1.4 n/c n/c
  CBS-Q//B3 -1.7 -2.6 -2.9 -2.5 n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c
a not calculated.
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Table S17. Calculated gas and aqueous phase dipole moments (μ) for the molecular and anionic forms of the 
straight chain C1 through C9 PFCAs and the monomethyl branched PFOA congeners using various levels of DFT theory 
and the CBS-Q//B3 method with the IEFPCM-UFF and SMD solvation models. Values are in debye.
C1 C2 C3 C4 C5 C6 C7 C8 C9
TFA n-PFPrA n-PFBuA n-PFPeA n-PFHxA n-PFHpA n-PFOA
1-CF3-
PFOA
2-CF3-
PFOA
3-CF3-
PFOA
4-CF3-
PFOA
5-CF3-
PFOA n-PFNA n-PFDeA
gas phase acid 4 5 1 2 3
  B3LYP/6-311++G(d,p) 2.4 2.4 2.4 2.4 2.5 2.4 2.5 2.3 2.5 2.4 2.6 2.4 2.5 2.5
  B3LYP/6-311++G(3df,2p) 2.3 2.3 2.2 2.3 2.3 2.3 2.4 2.1 2.4 2.3 2.4 2.2 n/ca n/c
  B3LYP/aug-cc-pVDZ 2.4 2.4 2.4 2.4 2.4 2.4 2.5 2.4 2.4 2.5 2.5 2.6 n/c n/c
  M062X/6-311++G(d,p) 2.4 2.4 2.4 2.4 2.5 2.4 2.5 2.3 2.5 2.4 2.6 2.4 n/c n/c
  B97D/6-311++G(d,p) 2.3 2.4 2.3 2.4 2.4 2.4 2.4 2.2 2.4 2.4 2.5 2.3 n/c n/c
  CBS-Q//B3 2.3 2.4 2.4 2.4 n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c
aqueous phase acid 
  IEFPCM-UFF
    B3LYP/6-311++G(d,p) 3.0 3.1 3.1 3.1 3.1 3.1 3.2 2.9 3.3 3.0 3.3 3.0 3.1 3.2
    B3LYP/6-311++G(3df,2p) 2.9 3.0 3.0 3.0 3.0 2.9 3.0 2.8 3.1 2.9 3.1 2.9 n/c n/c
    B3LYP/aug-cc-pVDZ 2.9 2.8 2.9 2.9 2.9 2.9 2.9 2.9 2.9 3.0 2.9 3.0 n/c n/c
    M062X/6-311++G(d,p) 3.0 3.1 3.1 3.1 3.1 3.1 3.1 3.0 3.2 3.0 3.2 3.0 n/c n/c
    B97D/6-311++G(d,p) 3.0 3.1 3.0 3.1 3.1 3.0 3.1 2.9 3.2 3.0 3.2 3.0 n/c n/c
    CBS-Q//B3 2.9 3.0 2.9 3.0 n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c
  SMD
    B3LYP/6-311++G(d,p) 3.3 3.4 3.4 3.5 3.4 3.5 3.6 3.4 3.7 3.7 3.4 3.4 3.5 3.6
    B3LYP/6-311++G(3df,2p) 3.2 3.4 3.3 3.4 3.4 3.3 3.4 3.2 3.5 3.3 3.5 3.3 n/c n/c
    B3LYP/aug-cc-pVDZ 3.2 3.1 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.3 n/c n/c
    M062X/6-311++G(d,p) 3.3 3.5 3.3 3.4 3.5 3.4 3.5 3.4 3.6 3.3 3.6 3.4 n/c n/c
    B97D/6-311++G(d,p) 3.3 3.5 3.3 3.5 3.5 3.4 3.5 3.3 3.6 3.4 3.6 3.3 n/c n/c
    CBS-Q//B3 3.3 3.4 3.3 3.4 n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c
gas phase anion 
  B3LYP/6-311++G(d,p) 4.7 6.5 9.2 11.8 14.6 17.4 20.3 15.0 16.4 17.0 17.6 18.8 23.3 26.3
  B3LYP/6-311++G(3df,2p) 4.7 6.5 9.2 11.7 14.5 17.3 20.2 15.0 16.3 16.9 17.6 18.7 n/c n/c
  B3LYP/aug-cc-pVDZ 4.3 6.1 8.7 11.2 14.0 16.9 19.9 16.6 17.0 18.1 19.1 20.0 n/c n/c
  M062X/6-311++G(d,p) 4.7 6.5 9.2 11.7 14.5 17.2 20.1 15.1 16.0 16.9 17.4 18.6 n/c n/c
  B97D/6-311++G(d,p) 4.5 6.4 9.0 11.5 14.3 17.1 20.1 14.5 16.1 16.6 17.4 18.5 n/c n/c
  CBS-Q//B3 4.8 6.7 9.5 12.0 n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c
aqueous phase anion 
  IEFPCM-UFF
    B3LYP/6-311++G(d,p) 5.6 7.8 11.0 13.9 17.0 20.1 23.2 18.1 19.6 20.0 20.7 21.8 26.4 29.5
    B3LYP/6-311++G(3df,2p) 5.6 8.0 11.1 14.0 17.1 20.2 23.3 18.2 19.6 20.1 20.7 21.9 n/c n/c
    B3LYP/aug-cc-pVDZ 4.9 7.1 11.1 12.9 17.1 19.2 23.3 19.2 19.7 20.8 21.8 22.7 n/c n/c
    M062X/6-311++G(d,p) 5.6 7.9 11.1 13.7 16.8 19.8 22.8 18.0 19.0 19.8 20.3 21.4 n/c n/c
    B97D/6-311++G(d,p) 5.5 7.8 11.0 13.8 17.0 20.1 23.3 18.0 19.5 20.0 20.7 21.8 n/c n/c
    CBS-Q//B3 5.7 8.0 11.2 14.1 n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c
  SMD
    B3LYP/6-311++G(d,p) 6.1 8.3 11.6 14.4 17.6 20.6 23.8 18.7 20.0 20.6 21.2 22.4 26.9 30.1
    B3LYP/6-311++G(3df,2p) 6.1 8.5 11.7 14.5 17.7 20.7 23.8 18.8 20.2 20.7 21.2 22.4 n/c n/c
    B3LYP/aug-cc-pVDZ 5.2 7.4 10.5 13.3 16.5 21.1 22.7 19.7 20.2 21.2 22.2 23.2 n/c n/c
    M062X/6-311++G(d,p) 6.1 8.3 11.4 14.2 17.4 20.3 23.4 18.6 19.6 20.4 20.8 22.0 n/c n/c
    B97D/6-311++G(d,p) 5.9 8.3 11.0 14.4 17.6 20.7 23.9 18.7 20.1 20.6 21.2 22.4 n/c n/c
    CBS-Q//B3 6.2 8.5 11.8 14.6 n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c
a not calculated.
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Table S18. Calculated gas and aqueous phase Mulliken charges, atomic polar tensor (APT) charges, and Gaussian 09 NBO v. 3.1 Natural Bond Order (NBO) natural population analysis charges 
on the carboxylic acid hydrogen atom (qH) for the straight chain C1 through C9 PFCAs and the monomethyl branched PFOA congeners using various levels of DFT theory and the CBS-Q//B3 method 
with the IEFPCM-UFF and SMD solvation models.
C1 C2 C3 C4 C5 C6 C7 C8 C9
TFA n-PFPrA n-PFBuA n-PFPeA n-PFHxA n-PFHpA n-PFOA 1-CF3-PFOA 2-CF3-PFOA 3-CF3-PFOA 4-CF3-PFOA 5-CF3-PFOA n-PFNA n-PFDeA
gas phase qO qH qO qH qO qH qO qH qO qH qO qH qO qH qO qH qO qH qO qH qO qH qO qH qO qH qO qH
  B3LYP/6-311++G(d,p) Mulliken -0.17 0.30 -0.14 0.31 -0.12 0.30 -0.12 0.30 -0.12 0.30 -0.12 0.30 -0.11 0.30 -0.10 0.29 -0.11 0.30 -0.14 0.31 -0.11 0.30 -0.12 0.30 -0.12 0.31 -0.11 0.30
APT -0.69 0.31 -0.68 0.31 -0.68 0.32 -0.68 0.32 -0.68 0.32 -0.68 0.32 -0.68 0.32 -0.69 0.32 -0.69 0.32 -0.68 0.32 -0.68 0.32 -0.68 0.32 -0.68 0.32 -0.69 0.32
NBO -0.66 0.49 -0.66 0.49 -0.65 0.49 -0.65 0.49 -0.65 0.49 -0.65 0.49 -0.65 0.49 n/ca n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c
  B3LYP/6-311++G(3df,2p) Mulliken -0.51 0.28 -0.50 0.27 -0.50 0.27 -0.50 0.27 -0.50 0.27 -0.50 0.27 -0.50 0.27 -0.48 0.27 -0.48 0.27 -0.51 0.27 -0.50 0.27 -0.50 0.27 n/c n/c n/c n/c
APT -0.66 0.31 -0.65 0.31 -0.65 0.31 -0.66 0.31 -0.66 0.31 -0.66 0.31 -0.66 0.31 -0.68 0.31 -0.68 0.31 -0.66 0.31 -0.66 0.31 -0.66 0.31 n/c n/c n/c n/c
NBO -0.67 0.50 -0.67 0.50 -0.66 0.50 -0.66 0.50 -0.66 0.50 -0.66 0.50 -0.66 0.50 n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c
  B3LYP/aug-cc-pVDZ Mulliken -0.35 0.15 -0.38 0.16 -0.41 0.17 -0.42 0.17 -0.43 0.17 -0.44 0.18 -0.44 0.18 -0.44 0.18 -0.45 0.20 -0.46 0.20 -0.45 0.18 -0.45 0.18 n/c n/c n/c n/c
APT -0.66 0.30 -0.65 0.30 -0.65 0.31 -0.65 0.31 -0.65 0.31 -0.65 0.31 -0.66 0.31 -0.66 0.31 -0.67 0.31 -0.65 0.31 -0.65 0.31 -0.66 0.31 n/c n/c n/c n/c
NBO -0.70 0.51 -0.70 0.51 -0.69 0.51 -0.69 0.51 -0.69 0.51 -0.69 0.51 -0.69 0.51 n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c
  M062X/6-311++G(d,p) Mulliken -0.19 0.31 -0.16 0.33 -0.14 0.32 -0.14 0.32 -0.14 0.32 -0.13 0.31 -0.13 0.31 -0.08 0.31 -0.12 0.32 -0.16 0.33 -0.13 0.31 -0.13 0.32 n/c n/c n/c n/c
APT -0.73 0.33 -0.72 0.33 -0.72 0.34 -0.72 0.34 -0.72 0.34 -0.73 0.34 -0.72 0.34 -0.73 0.34 -0.74 0.34 -0.72 0.34 -0.73 0.34 -0.72 0.34 n/c n/c n/c n/c
NBO -0.67 0.50 -0.68 0.50 -0.67 0.50 -0.67 0.50 -0.67 0.50 -0.67 0.50 -0.67 0.50 n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c
  B97D/6-311++G(d,p) Mulliken -0.13 0.29 -0.10 0.30 -0.10 0.30 -0.08 0.30 -0.08 0.30 -0.08 0.29 -0.07 0.29 -0.02 0.29 -0.06 0.30 -0.09 0.30 -0.08 0.29 -0.08 0.29 n/c n/c n/c n/c
APT -0.65 0.29 -0.64 0.29 -0.63 0.29 -0.64 0.29 -0.64 0.29 -0.64 0.29 -0.64 0.29 -0.65 0.30 -0.66 0.29 -0.63 0.29 -0.64 0.29 -0.64 0.29 n/c n/c n/c n/c
NBO -0.64 0.49 -0.64 0.49 -0.63 0.49 -0.63 0.49 -0.63 0.49 -0.63 0.49 -0.63 0.49 n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c
  CBS-Q//B3 Mulliken -0.30 0.27 -0.30 0.27 -0.29 0.27 -0.28 0.27 n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c
APT -0.67 0.31 -0.66 0.31 -0.66 0.31 -0.67 0.31 n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c
NBO -0.74 0.51 -0.74 0.51 -0.73 0.51 -0.73 0.51 n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c
aqueous phase 
  IEFPCM-UFF
    B3LYP/6-311++G(d,p) Mulliken -0.19 0.34 -0.15 0.35 -0.15 0.35 -0.15 0.34 -0.15 0.34 -0.13 0.34 -0.13 0.34 -0.13 0.33 -0.12 0.34 -0.14 0.34 -0.13 0.34 -0.13 0.34 -0.14 0.35 -0.13 0.34
APT -0.85 0.39 -0.85 0.40 -0.86 0.40 -0.86 0.44 -0.86 0.40 -0.86 0.40 -0.86 0.40 -0.88 0.40 -0.87 0.40 -0.86 0.40 -0.86 0.40 -0.86 0.40 -0.86 0.40 0.86 0.40
NBO -0.66 0.51 -0.66 0.51 -0.65 0.51 -0.65 0.51 -0.65 0.51 -0.65 0.51 -0.65 0.51 n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c
    B3LYP/6-311++G(3df,2p) Mulliken -0.52 0.30 -0.50 0.30 -0.52 0.30 -0.51 0.30 -0.51 0.30 -0.51 0.30 -0.51 0.30 -0.50 0.30 -0.49 0.30 -0.51 0.30 -0.51 0.30 -0.51 0.30 n/c n/c n/c n/c
APT -0.83 0.38 -0.83 0.39 -0.84 0.39 -0.84 0.39 -0.84 0.39 -0.84 0.39 -0.84 0.39 -0.86 0.40 -0.86 0.39 -0.84 0.39 -0.84 0.39 -0.84 0.39 n/c n/c n/c n/c
NBO -0.67 0.52 -0.67 0.52 -0.66 0.52 -0.66 0.52 -0.66 0.52 -0.66 0.52 -0.66 0.52 n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c
    B3LYP/aug-cc-pVDZ Mulliken -0.36 0.19 -0.40 0.20 -0.43 0.22 -0.44 0.21 -0.45 0.22 -0.46 0.22 -0.46 0.22 -0.51 0.23 -0.47 0.24 -0.48 0.24 -0.47 0.23 -0.46 0.22 n/c n/c n/c n/c
APT -0.82 0.38 -0.82 0.39 -0.83 0.39 -0.83 0.39 -0.83 0.39 -0.83 0.39 -0.83 0.39 -0.85 0.39 -0.84 0.39 -0.83 0.39 -0.83 0.39 -0.83 0.39 n/c n/c n/c n/c
NBO -0.70 0.53 -0.70 0.53 -0.69 0.53 -0.69 0.53 -0.69 0.53 -0.69 0.53 -0.69 0.53 n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c
    M062X/6-311++G(d,p) Mulliken -0.21 0.35 -0.16 0.36 -0.16 0.36 -0.16 0.36 -0.15 0.35 -0.15 0.35 -0.15 0.35 -0.10 0.35 -0.14 0.36 -0.16 0.36 -0.15 0.35 -0.15 0.35 n/c n/c n/c n/c
APT -0.90 0.41 -0.90 0.42 -0.90 0.42 -0.91 0.42 -0.91 0.42 -0.91 0.42 -0.91 0.42 -0.92 0.43 -0.92 0.42 -0.91 0.42 -0.91 0.42 -0.91 0.42 n/c n/c n/c n/c
NBO -0.68 0.52 -0.68 0.52 -0.67 0.52 -0.67 0.52 -0.67 0.52 -0.67 0.52 -0.67 0.52 n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c
    B97D/6-311++G(d,p) Mulliken -0.15 0.33 -0.11 0.34 -0.11 0.34 -0.10 0.34 -0.10 0.33 -0.09 0.33 -0.09 0.33 -0.04 0.33 -0.08 0.34 -0.10 0.34 -0.09 0.33 -0.09 0.33 n/c n/c n/c n/c
APT -0.81 0.37 -0.81 0.37 -0.81 0.37 -0.82 0.37 -0.82 0.37 -0.82 0.38 -0.82 0.37 -0.84 0.38 -0.83 0.37 -0.82 0.37 -0.82 0.37 -0.82 0.38 n/c n/c n/c n/c
NBO -0.64 0.51 -0.64 0.51 -0.63 0.51 -0.63 0.51 -0.63 0.51 -0.63 0.51 -0.63 0.51 n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c
    CBS-Q//B3 Mulliken -0.30 0.30 -0.30 0.31 -0.30 0.31 -0.29 0.30 n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c
APT -0.80 0.38 -0.81 0.38 -0.82 0.39 -0.82 0.39 n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c
NBO -0.74 0.53 -0.74 0.53 -0.74 0.53 -0.73 0.53 n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c
  SMD
    B3LYP/6-311++G(d,p) Mulliken -0.21 0.37 -0.17 0.37 -0.17 0.38 -0.16 0.37 -0.16 0.37 -0.16 0.37 -0.15 0.37 -0.15 0.36 -0.14 0.37 -0.17 0.38 -0.15 0.37 -0.15 0.37 -0.16 0.38 -0.16 0.37
APT -0.94 0.44 -0.95 0.45 -0.95 0.45 -0.95 0.45 -0.95 0.46 -0.96 0.45 -0.96 0.45 -0.97 0.46 -0.96 0.45 -0.96 0.45 -0.96 0.45 -0.96 0.45 -0.96 0.45 -0.96 0.45
NBO -0.66 0.53 -0.66 0.53 -0.66 0.53 -0.66 0.53 -0.66 0.53 -0.66 0.53 -0.66 0.53 n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c
    B3LYP/6-311++G(3df,2p) Mulliken -0.54 0.33 -0.53 0.33 -0.53 0.33 -0.55 0.33 -0.54 0.33 -0.53 0.33 -0.53 0.33 -0.52 0.33 -0.51 0.33 -0.54 0.33 -0.53 0.33 -0.53 0.33 n/c n/c n/c n/c
APT -0.92 0.43 -0.92 0.44 -0.93 0.44 -0.93 0.44 -0.93 0.44 -0.93 0.44 -0.94 0.44 -0.95 0.45 -0.94 0.44 -0.94 0.44 -0.94 0.44 -0.94 0.44 n/c n/c n/c n/c
NBO -0.67 0.53 -0.67 0.54 -0.66 0.54 -0.66 0.54 -0.66 0.54 -0.66 0.54 -0.66 0.54 n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c
    B3LYP/aug-cc-pVDZ Mulliken -0.38 0.23 -0.43 0.24 -0.46 0.26 -0.49 0.27 -0.48 0.26 -0.49 0.26 -0.49 0.27 -0.51 0.27 -0.51 0.28 -0.51 0.28 -0.50 0.27 -0.49 0.26 n/c n/c n/c n/c
APT -0.91 0.43 -0.91 0.44 -0.92 0.44 -0.92 0.44 -0.92 0.44 -0.92 0.44 -0.93 0.44 -0.94 0.45 -0.93 0.44 -0.92 0.44 -0.93 0.44 -0.93 0.44 n/c n/c n/c n/c
NBO -0.70 0.56 -0.70 0.55 -0.69 0.55 -0.69 0.55 -0.69 0.55 -0.69 0.55 -0.69 0.55 n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c
    M062X/6-311++G(d,p) Mulliken -0.23 0.39 -0.19 0.39 -0.19 0.39 -0.18 0.39 -0.18 0.39 -0.17 0.38 -0.17 0.39 -0.11 0.38 -0.16 0.39 -0.18 0.39 -0.17 0.38 -0.17 0.39 n/c n/c n/c n/c
APT -0.99 0.46 -1.00 0.47 -1.00 0.47 -1.01 0.48 -1.00 0.47 -1.01 0.47 -1.01 0.47 -1.02 0.48 -1.01 0.47 -1.01 0.47 -1.01 0.48 -1.01 0.47 n/c n/c n/c n/c
NBO -0.69 0.54 -0.69 0.54 -0.68 0.54 -0.68 0.54 -0.68 0.54 -0.68 0.54 -0.68 0.54 n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c
    B97D/6-311++G(d,p) Mulliken -0.17 0.37 -0.13 0.37 -0.13 0.37 -0.13 0.37 -0.12 0.37 -0.12 0.37 -0.11 0.36 -0.06 0.36 -0.10 0.37 -0.13 0.37 -0.11 0.36 -0.11 0.36 n/c n/c n/c n/c
APT -0.90 0.42 -0.90 0.42 -0.90 0.43 -0.91 0.43 -0.91 0.43 -0.91 0.43 -0.91 0.43 -0.93 0.43 -0.93 0.43 -0.91 0.43 -0.92 0.43 -0.91 0.43 n/c n/c n/c n/c
NBO -0.64 0.53 -0.64 0.53 -0.64 0.53 -0.64 0.53 -0.63 0.53 -0.63 0.53 -0.63 0.53 n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c
    CBS-Q//B3 Mulliken -0.32 0.34 -0.32 0.34 -0.32 0.34 -0.31 0.34 n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c
APT -0.90 0.43 -0.90 0.44 -0.91 0.44 -0.91 0.44 n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c
NBO -0.75 0.55 -0.75 0.55 -0.74 0.55 -0.74 0.55 n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c
a not calculated.
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Table S19. Calculated aqueous phase O-H bond lengths (rO-H) on the carboxylic acid 
moiety for the straight chain C1 through C7 PFCAs using various levels of Hartree-
Fock and DFT theory and the CBS-Q//B3 method with the IEFPCM-UFF and SMD solvation 
models. Values are in angstroms.
C1 C2 C3 C4 C5 C6 C7
TFA n-PFPrA n-PFBuA n-PFPeA n-PFHxA n-PFHpA n-PFOA
IEFPCM-UFF
  HF/6-311++G(d,p) 0.95 0.95 0.95 0.95 0.95 0.95 0.95
  B3LYP/6-311++G(d,p) 0.98 0.97 0.97 0.97 0.97 0.97 0.98
  B3LYP/6-311++G(3df,2p) 0.97 0.97 0.97 0.97 0.97 0.97 0.97
  B3LYP/aug-cc-pVDZ 0.97 0.97 0.97 0.97 0.97 0.97 0.97
  M062X/6-311++G(d,p) 0.97 0.97 0.97 0.97 0.97 0.97 0.97
  B97D/6-311++G(d,p) 0.98 0.98 0.98 0.98 0.98 0.98 0.98
  CBS-Q//B3 0.97 0.97 0.97 0.97 n/ca n/c n/c
SMD
  HF/6-311++G(d,p) 0.95 0.95 0.95 0.95 0.95 0.95 0.95
  B3LYP/6-311++G(d,p) 0.98 0.98 0.98 0.98 0.98 0.98 0.98
  B3LYP/6-311++G(3df,2p) 0.97 0.97 0.97 0.97 0.97 0.97 0.97
  B3LYP/aug-cc-pVDZ 0.98 0.98 0.98 0.98 0.98 0.98 0.98
  M062X/6-311++G(d,p) 0.97 0.97 0.97 0.97 0.97 0.97 0.97
  B97D/6-311++G(d,p) 0.98 0.98 0.98 0.98 0.98 0.98 0.98
  CBS-Q//B3 0.97 0.97 0.97 0.97 n/c n/c n/c
a not calculated.
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Table S20. Calculated aqueous phase adjacent C-C bond lengths along the 
perfluoroalkyl chain for the straight chain C2 through C7 PFCAs using various levels 
of Hartree-Fock and DFT theory and the CBS-Q//B3 method with the IEFPCM-UFF and SMD 
solvation models. Values are in angstroms.
C2 C3 C4 C5 C6 C7
n-PFPrA n-PFBuA n-PFPeA n-PFHxA n-PFHpA n-PFOA
IEFPCM-UFF
  HF/6-311++G(d,p) C1-C2 1.54 1.55 1.55 1.55 1.55 1.55
C2-C3 n/aa 1.55 1.55 1.55 1.55 1.55
C3-C4 n/a n/a 1.55 1.55 1.56 1.56
C4-C5 n/a n/a n/a 1.55 1.55 1.56
C5-C6 n/a n/a n/a n/a 1.55 1.55
C6-C7 n/a n/a n/a n/a n/a 1.55
  B3LYP/6-311++G(d,p) C1-C2 1.56 1.56 1.57 1.57 1.57 1.57
C2-C3 n/a 1.56 1.57 1.57 1.57 1.57
C3-C4 n/a n/a 1.57 1.57 1.57 1.57
C4-C5 n/a n/a n/a 1.57 1.57 1.57
C5-C6 n/a n/a n/a n/a 1.57 1.57
C6-C7 n/a n/a n/a n/a n/a 1.57
  B3LYP/6-311++G(3df,2p) C1-C2 1.56 1.58 1.58 1.57 1.57 1.57
C2-C3 n/a 1.58 1.58 1.57 1.57 1.57
C3-C4 n/a n/a 1.58 1.57 1.57 1.57
C4-C5 n/a n/a n/a 1.57 1.57 1.57
C5-C6 n/a n/a n/a n/a 1.57 1.57
C6-C7 n/a n/a n/a n/a n/a 1.57
  B3LYP/aug-cc-pVDZ C1-C2 1.56 1.56 1.56 1.56 1.57 1.56
C2-C3 n/a 1.56 1.56 1.57 1.57 1.57
C3-C4 n/a n/a 1.56 1.57 1.57 1.57
C4-C5 n/a n/a n/a 1.56 1.57 1.57
C5-C6 n/a n/a n/a n/a 1.56 1.57
C6-C7 n/a n/a n/a n/a n/a 1.56
  M062X/6-311++G(d,p) C1-C2 1.54 1.55 1.55 1.55 1.55 1.55
C2-C3 n/a 1.55 1.55 1.55 1.55 1.55
C3-C4 n/a n/a 1.55 1.55 1.55 1.55
C4-C5 n/a n/a n/a 1.55 1.55 1.55
C5-C6 n/a n/a n/a n/a 1.55 1.55
C6-C7 n/a n/a n/a n/a n/a 1.55
  B97D/6-311++G(d,p) C1-C2 1.58 1.58 1.58 1.58 1.58 1.58
C2-C3 n/a 1.58 1.58 1.59 1.59 1.59
C3-C4 n/a n/a 1.58 1.59 1.59 1.59
C4-C5 n/a n/a n/a 1.58 1.59 1.59
C5-C6 n/a n/a n/a n/a 1.58 1.59
C6-C7 n/a n/a n/a n/a n/a 1.58
  CBS-Q//B3 C1-C2 1.56 1.56 1.56 n/cb n/c n/c
C2-C3 n/a 1.56 1.56 n/c n/c n/c
C3-C4 n/a n/a 1.56 n/c n/c n/c
C4-C5 n/a n/a n/a n/c n/c n/c
C5-C6 n/a n/a n/a n/a n/c n/c
C6-C7 n/a n/a n/a n/a n/a n/c
SMD
  HF/6-311++G(d,p) C1-C2 1.54 1.55 1.55 1.55 1.55 1.55
C2-C3 n/a 1.55 1.55 1.56 1.55 1.55
C3-C4 n/a n/a 1.55 1.55 1.56 1.56
C4-C5 n/a n/a n/a 1.55 1.55 1.56
C5-C6 n/a n/a n/a n/a 1.55 1.55
C6-C7 n/a n/a n/a n/a n/a 1.55
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  B3LYP/6-311++G(d,p) C1-C2 1.56 1.56 1.57 1.57 1.57 1.57
C2-C3 n/a 1.56 1.57 1.57 1.57 1.57
C3-C4 n/a n/a 1.57 1.57 1.57 1.57
C4-C5 n/a n/a n/a 1.57 1.57 1.57
C5-C6 n/a n/a n/a n/a 1.57 1.57
C6-C7 n/a n/a n/a n/a n/a 1.57
  B3LYP/6-311++G(3df,2p) C1-C2 1.56 1.56 1.57 1.57 1.57 1.57
C2-C3 n/a 1.56 1.57 1.57 1.57 1.57
C3-C4 n/a n/a 1.57 1.57 1.57 1.57
C4-C5 n/a n/a n/a 1.56 1.57 1.57
C5-C6 n/a n/a n/a n/a 1.57 1.57
C6-C7 n/a n/a n/a n/a n/a 1.57
  B3LYP/aug-cc-pVDZ C1-C2 1.56 1.56 1.57 1.56 1.57 1.57
C2-C3 n/a 1.56 1.57 1.57 1.57 1.57
C3-C4 n/a n/a 1.56 1.57 1.57 1.57
C4-C5 n/a n/a n/a 1.56 1.57 1.57
C5-C6 n/a n/a n/a n/a 1.56 1.57
C6-C7 n/a n/a n/a n/a n/a 1.56
  M062X/6-311++G(d,p) C1-C2 1.54 1.55 1.56 1.55 1.55 1.55
C2-C3 n/a 1.55 1.57 1.55 1.55 1.55
C3-C4 n/a n/a 1.57 1.55 1.55 1.55
C4-C5 n/a n/a n/a 1.55 1.55 1.55
C5-C6 n/a n/a n/a n/a 1.55 1.55
C6-C7 n/a n/a n/a n/a n/a 1.55
  B97D/6-311++G(d,p) C1-C2 1.57 1.58 1.58 1.58 1.58 1.58
C2-C3 n/a 1.58 1.59 1.59 1.59 1.59
C3-C4 n/a n/a 1.58 1.59 1.59 1.59
C4-C5 n/a n/a n/a 1.58 1.59 1.59
C5-C6 n/a n/a n/a n/a 1.59 1.59
C6-C7 n/a n/a n/a n/a n/a 1.59
  CBS-Q//B3 C1-C2 1.55 1.56 1.56 n/c n/c n/c
C2-C3 n/a 1.56 1.56 n/c n/c n/c
C3-C4 n/a n/a 1.56 n/c n/c n/c
C4-C5 n/a n/a n/a n/c n/c n/c
C5-C6 n/a n/a n/a n/a n/c n/c
C6-C7 n/a n/a n/a n/a n/a n/c
a not applicable. b not calculated.
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Table S21. Calculated aqueous phase adjacent F-C-C-F dihedral bond angles along the 
perfluoroalkyl chain for the straight chain C2 through C7 PFCAs using various levels 
of Hartree-Fock and DFT theory and the CBS-Q//B3 method with the IEFPCM-UFF and SMD 
solvation models. Values are in degrees.
C2 C3 C4 C5 C6 C7
n-PFPrA n-PFBuA n-PFPeA n-PFHxA n-PFHpA n-PFOA
IEFPCM-UFF
  HF/6-311++G(d,p) C1-C2 2.4 11.6 13.6 13.5 14.2 14.3
C2-C3 n/aa 5.3 15.6 18.2 17.9 18.3
C3-C4 n/a n/a 6.1 15.6 17.3 17.5
C4-C5 n/a n/a n/a 6.6 16.2 17.9
C5-C6 n/a n/a n/a n/a 7.1 16.3
C6-C7 n/a n/a n/a n/a n/a 7.4
  B3LYP/6-311++G(d,p) C1-C2 3.6 11.8 13.6 13.4 14.2 13.3
C2-C3 n/a 5.6 15.0 18.0 17.5 17.5
C3-C4 n/a n/a 6.1 15.1 17.4 17.3
C4-C5 n/a n/a n/a 6.1 15.6 17.6
C5-C6 n/a n/a n/a n/a 7.6 15.6
C6-C7 n/a n/a n/a n/a n/a 7.4
  B3LYP/6-311++G(3df,2p) C1-C2 3.4 11.6 13.8 13.7 14.4 13.8
C2-C3 n/a 5.7 15.5 18.3 17.9 18.3
C3-C4 n/a n/a 6.7 15.8 17.7 17.9
C4-C5 n/a n/a n/a 7.0 16.1 18.1
C5-C6 n/a n/a n/a n/a 8.0 16.6
C6-C7 n/a n/a n/a n/a n/a 7.4
  B3LYP/aug-cc-pVDZ C1-C2 3.3 12.5 13.3 13.1 13.8 13.1
C2-C3 n/a 6.1 15.1 17.8 17.5 18.0
C3-C4 n/a n/a 6.2 15.4 17.4 17.6
C4-C5 n/a n/a n/a 6.5 16.0 17.7
C5-C6 n/a n/a n/a n/a 7.7 16.3
C6-C7 n/a n/a n/a n/a n/a 7.8
  M062X/6-311++G(d,p) C1-C2 3.7 10.2 14.0 13.9 14.5 14.9
C2-C3 n/a 7.3 19.3 19.0 19.3 19.2
C3-C4 n/a n/a 9.6 17.5 18.1 18.2
C4-C5 n/a n/a n/a 10.3 18.4 18.5
C5-C6 n/a n/a n/a n/a 11.0 18.1
C6-C7 n/a n/a n/a n/a n/a 11.0
  B97D/6-311++G(d,p) C1-C2 2.6 7.7 8.5 10.5 12.1 11.8
C2-C3 n/a 2.8 10.3 15.7 16.6 16.3
C3-C4 n/a n/a 3.3 13.0 16.3 16.2
C4-C5 n/a n/a n/a 4.9 13.5 16.7
C5-C6 n/a n/a n/a n/a 6.1 14.3
C6-C7 n/a n/a n/a n/a n/a 6.4
  CBS-Q//B3 C1-C2 5.3 14.4 13.8 n/cb n/c n/c
C2-C3 n/a 8.5 15.6 n/c n/c n/c
C3-C4 n/a n/a 7.9 n/c n/c n/c
C4-C5 n/a n/a n/a n/c n/c n/c
C5-C6 n/a n/a n/a n/a n/c n/c
C6-C7 n/a n/a n/a n/a n/a n/c
SMD
  HF/6-311++G(d,p) C1-C2 0.4 6.0 13.8 13.7 15.7 14.6
C2-C3 n/a 1.1 18.0 17.6 19.1 17.4
C3-C4 n/a n/a 8.6 16.3 18.4 16.9
C4-C5 n/a n/a n/a 9.0 17.1 17.7
C5-C6 n/a n/a n/a n/a 9.1 16.1
C6-C7 n/a n/a n/a n/a n/a 7.9
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  B3LYP/6-311++G(d,p) C1-C2 1.9 9.0 14.6 14.6 14.7 14.5
C2-C3 n/a 2.2 17.1 19.0 18.4 16.8
C3-C4 n/a n/a 9.2 12.6 18.0 16.4
C4-C5 n/a n/a n/a 10.3 16.0 18.3
C5-C6 n/a n/a n/a n/a 11.0 16.0
C6-C7 n/a n/a n/a n/a n/a 9.1
  B3LYP/6-311++G(3df,2p) C1-C2 0.4 9.2 14.6 13.9 15.0 14.2
C2-C3 n/a 2.9 17.5 18.3 18.9 17.2
C3-C4 n/a n/a 9.2 16.0 18.2 16.9
C4-C5 n/a n/a n/a 10.5 16.7 18.5
C5-C6 n/a n/a n/a n/a 10.7 16.1
C6-C7 n/a n/a n/a n/a n/a 9.2
  B3LYP/aug-cc-pVDZ C1-C2 0.5 9.2 14.3 13.3 14.6 13.9
C2-C3 n/a 2.6 16.8 17.9 18.7 16.7
C3-C4 n/a n/a 8.3 15.6 17.9 16.6
C4-C5 n/a n/a n/a 8.9 16.7 18.2
C5-C6 n/a n/a n/a n/a 10.2 15.9
C6-C7 n/a n/a n/a n/a n/a 8.5
  M062X/6-311++G(d,p) C1-C2 1.1 7.8 15.2 13.4 12.8 15.4
C2-C3 n/a 2.0 20.0 19.3 20.2 17.9
C3-C4 n/a n/a 11.7 17.7 19.3 17.9
C4-C5 n/a n/a n/a 12.8 19.0 18.5
C5-C6 n/a n/a n/a n/a 13.4 17.9
C6-C7 n/a n/a n/a n/a n/a 13.0
  B97D/6-311++G(d,p) C1-C2 1.6 6.2 12.3 10.7 11.4 13.2
C2-C3 n/a 1.5 15.6 13.1 17.1 17.2
C3-C4 n/a n/a 6.9 9.5 16.9 15.9
C4-C5 n/a n/a n/a 7.8 14.6 16.3
C5-C6 n/a n/a n/a n/a 8.7 14.9
C6-C7 n/a n/a n/a n/a n/a 7.7
  CBS-Q//B3 C1-C2 1.5 12.4 14.7 n/c n/c n/c
C2-C3 n/a 7.7 16.9 n/c n/c n/c
C3-C4 n/a n/a 10.6 n/c n/c n/c
C4-C5 n/a n/a n/a n/c n/c n/c
C5-C6 n/a n/a n/a n/c n/c n/c
C6-C7 n/a n/a n/a n/c n/c n/c
a not applicable. b not calculated.
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Table S22. Aqueous phase geometries of the global minimum helical undissociated (molecular) n-PFOA conformation and the 11 lowest energy non-helical conformers at the IEFPCM-
UFF/B3LYP/6-311++G(d,p) level.
helical (ΔG=0.0 kcal/mol) 1 (ΔG=2.7 kcal/mol) 2 (ΔG=3.0 kcal/mol) 3 (ΔG=3.1 kcal/mol)
4 (ΔG=4.6 kcal/mol) 5 (ΔG=4.6 kcal/mol) 6 (ΔG=4.9 kcal/mol) 7 (ΔG=4.9 kcal/mol)
8 (ΔG=5.0 kcal/mol) 9 (ΔG=5.2 kcal/mol) 10 (ΔG=6.1 kcal/mol) 11 (ΔG=6.8 kcal/mol)
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Table S23. Aqueous phase geometries of the global minimum helical undissociated (molecular) n-PFOA conformation and the 19 lowest energy non-helical conformers at the 
SMD/B3LYP/6-311++G(d,p) level.
helical (ΔG=0.0 kcal/mol) 1 (ΔG=1.8 kcal/mol) 2 (ΔG=1.8 kcal/mol) 3 (ΔG=3.1 kcal/mol) 4 (ΔG=3.5 kcal/mol)
5 (ΔG=4.1 kcal/mol) 6 (ΔG=4.2 kcal/mol) 7 (ΔG=4.2 kcal/mol) 8 (ΔG=4.3 kcal/mol) 9 (ΔG=4.3 kcal/mol)
10 (ΔG=4.6 kcal/mol) 11 (ΔG=4.7 kcal/mol) 12 (ΔG=5.0 kcal/mol) 13 (ΔG=5.1 kcal/mol) 14 (ΔG=5.2 kcal/mol)
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15 (ΔG=5.3 kcal/mol) 16 (ΔG=5.3 kcal/mol) 17 (ΔG=5.9 kcal/mol) 18 (ΔG=6.3 kcal/mol) 19 (ΔG=6.7 kcal/mol)
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Table S24. Aqueous phase geometries of the global minimum helical undissociated (molecular) n-PFOA conformation and the 12 lowest energy non-helical conformers at the 
IEFPCM-UFF/M062X/6-311++G(d,p) level.
helical (ΔG=0.0 kcal/mol) 1 (ΔG=2.1 kcal/mol) 2 (ΔG=2.4 kcal/mol) 3 (ΔG=2.6 kcal/mol) 4 (ΔG=2.8 kcal/mol)
5 (ΔG=3.5 kcal/mol) 6 (ΔG=3.9 kcal/mol) 7 (ΔG=4.3 kcal/mol) 8 (ΔG=4.5 kcal/mol) 9 (ΔG=4.6 kcal/mol)
10 (ΔG=4.7 kcal/mol) 11 (ΔG=5.1 kcal/mol) 12 (ΔG=6.0 kcal/mol)
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Table S25. Aqueous phase geometries of the global minimum helical undissociated (molecular) n-PFOA conformation and the 19 lowest energy non-helical conformers at the SMD/M062X/6-311+
+G(d,p) level.
helical (ΔG=0.0 kcal/mol) 1 (ΔG=2.0 kcal/mol) 2 (ΔG=2.1 kcal/mol) 3 (ΔG=2.4 kcal/mol) 4 (ΔG=2.6 kcal/mol)
5 (ΔG=3.3 kcal/mol) 6 (ΔG=3.3 kcal/mol) 7 (ΔG=3.4 kcal/mol) 8 (ΔG=3.6 kcal/mol) 9 (ΔG=3.7 kcal/mol)
10 (ΔG=3.8 kcal/mol) 11 (ΔG=3.8 kcal/mol) 12 (ΔG=3.8 kcal/mol) 13 (ΔG=3.9 kcal/mol) 14 (ΔG=4.3 kcal/mol)
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15 (ΔG=4.7 kcal/mol) 16 (ΔG=4.8 kcal/mol) 17 (ΔG=5.2 kcal/mol) 18 (ΔG=5.3 kcal/mol) 19 (ΔG=5.4 kcal/mol)
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Table S26. Aqueous phase geometries of the global minimum helical dissociated (anionic) n-PFOA conformation and the 6 lowest energy non-helical conformers at the IEFPCM-UFF/B3LYP/6-311+
+G(d,p) level.
helical (ΔG=0.0 kcal/mol) 1 (ΔG=2.8 kcal/mol) 2 (ΔG=3.1 kcal/mol) 3 (ΔG=4.5 kcal/mol)
4 (ΔG=4.9 kcal/mol) 5 (ΔG=5.0 kcal/mol) 6 (ΔG=6.6 kcal/mol)
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Table S27. Aqueous phase geometries of the global minimum helical dissociated (anionic) n-PFOA conformation and the 11 lowest energy non-helical conformers at the 
SMD/B3LYP/6-311++G(d,p) level.
helical (ΔG=0.0 kcal/mol) 1 (ΔG=3.2 kcal/mol) 2 (ΔG=3.3 kcal/mol) 3 (ΔG=3.6 kcal/mol) 4 (ΔG=4.0 kcal/mol)
5 (ΔG=4.2 kcal/mol) 6 (ΔG=5.0 kcal/mol) 7 (ΔG=5.4 kcal/mol) 8 (ΔG=5.5 kcal/mol) 9 (ΔG=5.8 kcal/mol)
10 (ΔG=6.5 kcal/mol) 11 (ΔG=6.9 kcal/mol)
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Table S28. Aqueous phase geometries of the global minimum helical dissociated (anionic) n-PFOA conformation and the 7 lowest energy non-helical conformers at the IEFPCM-
UFF/M062X/6-311++G(d,p) level.
helical (ΔG=0.0 kcal/mol) 1 (ΔG=1.7 kcal/mol) 2 (ΔG=2.0 kcal/mol) 3 (ΔG=3.5 kcal/mol) 4 (ΔG=3.6 kcal/mol)
5 (ΔG=4.2 kcal/mol) 6 (ΔG=4.5 kcal/mol) 7 (ΔG=5.2 kcal/mol)
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Table S29. Aqueous phase geometries of the global minimum helical dissociated (anionic) n-PFOA conformation and the 8 lowest energy non-helical conformers at the SMD/M062X/6-311++G(d,p) 
level.
helical (ΔG=0.0 kcal/mol) 1 (ΔG=1.9 kcal/mol) 2 (ΔG=2.0 kcal/mol) 3 (ΔG=2.2 kcal/mol) 4 (ΔG=3.3 kcal/mol)
5 (ΔG=3.4 kcal/mol) 6 (ΔG=3.4 kcal/mol) 7 (ΔG=4.1 kcal/mol) 8 (ΔG=4.5 kcal/mol)
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